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THE CLIMATE CRISIS: NATIONAL SECURITY,
PUBLIC HEALTH, AND ECONOMIC THREATS

THURSDAY, FEBRUARY 12, 2009

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENERGY AND ENVIRONMENT,
COMMITTEE ON ENERGY AND COMMERCE,
Washington, DC.

The subcommittee met, pursuant to call, at 10:05 a.m., in room
2123 of the Rayburn House Office Building, Hon. Edward Markey
(chairman) presiding.

Members present: Representatives Markey, Doyle, Inslee,
Butterfield, Melancon, Matsui, McNerney, Welch, Dingell, Boucher,
Pallone, Engel, Green, Capps, Harman, Gonzalez, Baldwin, Mathe-
son, Barrow, Waxman (ex officio), Upton, Hall, Stearns, Whitfield,
Shimkus, Pitts, Burgess, Scalise, and Barton (ex officio).

Also present: Representative Christensen.

Staff present: Dave Rapallo, Melissa Bez, Joel Beauvais, Alex-
andra Teitz, Matt Weiner, Caren Auchman, Jeff Baran, Amanda
Mertens Campbell, Andrea Spring, Peter Spencer, and Garrett
Golding.

OPENING STATEMENT OF HON. EDWARD J. MARKEY, A REP-
RESENTATIVE IN CONGRESS FROM THE COMMONWEALTH
OF MASSACHUSETTS

Mr. MARKEY. Good morning, and welcome to the Subcommittee
on Energy and Environment and this very important opening hear-
ing.

We stand at a critical moment in history. The country is facing
some of the deepest, most complex challenges it has ever con-
fronted: an economy in peril, a broken energy system, a climate in
crisis. These problems are inseparable and so are the solutions. We
now have a choice to make. We can continue to sit on our hands,
allowing our children and grandchildren to inherit a planetary ca-
tastrophe, or we can take action to unleash a technology revolution
that will revive our economy while protecting our national and en-
vironmental security.

Today’s hearing is the first of many the subcommittee will hold
in the coming weeks as we work with Chairman Waxman and
Ranking Members Barton and Upton to pass a comprehensive cli-
mate and energy piece of legislation out of committee by Memorial
Day. We begin this process by hearing from a distinguished panel
about the grave threats that global warming poses to national and
global security, public health, and economic growth. These wit-
nesses are here in part to purge whatever complacency remains
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after 8 years of climate policy founded on denial, obfuscation, and
delay. The American people are ready for bold action, and they ex-
pect Congress to pass legislation that will create jobs, save con-
sumers money, and protect the planet. There is now a robust sci-
entific consensus that global warming is happening, that manmade
greenhouse gas emissions are largely responsible, and that if we
fail to dramatically reduce those emissions starting now, cata-
strophic impacts will result.

This leads to the real question in this debate: Can we afford not
to act? The human and economic costs of continued delay are stag-
gering, whether it is villages falling into the sea in Alaska, flooding
in the Midwest, droughts becoming harder, longer, and more fre-
quent in the south, or crop failure and water scarcity feeding a
genocide in Sudan. We know that changes brought on or exacer-
bated by human-induced climate change are happening. These im-
pacts will threaten national and global security, endanger public
health, and damage the American economy.

In last year’s National Intelligence Assessment, the heart of our
national security establishment, called the climate crisis a threat
to American security. Public health professionals have told us that
global warming is already causing tens of thousands of deaths an-
nually in the developing world and poses a serious threat to public
health here at home.

Our economy is also in grave danger. If left unchecked, global
warming will cost the United States trillions of dollars in coming
years. Recent studies suggest that by 2050, our Nation could face
at least half-a-trillion dollars in damages every year due to climate
change, a 1.5 percent cut in GDP. Global GDP could fall as much
as 20 percent.

The costs of inaction are not limited to the impacts of global
warming. They also include the price of lost opportunity. America
was once the world’s leader in renewable energy technologies but
we are now losing those jobs to our overseas competitors. If we are
laggards instead of leaders in the fight against global warming, we
will miss out on the greatest economic opportunity of our time.
Three point six million Americans have lost their jobs since the be-
ginning of the current recession and climate legislation offers them
new hope.

In less than 300 days, the attention of the world will turn to Co-
penhagen, site of the negotiations that we hope will produce a plan
forward for the global community to address climate change. The
House of Representatives is now taking its first steps down the
path towards a responsible policy on climate. As we put our domes-
tic house in order, we can return the United States to its rightful
place of leadership in solving the most pressing problems facing the
world.

That completes the opening statement of the Chair.

Mr. MARKEY. We now turn and recognize the ranking member of
the subcommittee, the gentleman from Michigan, Mr. Upton.

OPENING STATEMENT OF HON. FRED UPTON, A REPRESENTA-
TIVE IN CONGRESS FROM THE STATE OF MICHIGAN

Mr. UprON. Well, thank you, Mr. Chairman.
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Today’s hearing does touch on a number of important aspects of
the climate change debate, and I have said at nearly every climate
change hearing that for me, I don’t dispute the science. Right or
wrong, the debate over the modeling and science appears to be
over. We have got to get past that and look at our policy options
and consequences of the actions that we need to take to address
that issue. Whatever policy we deploy has to have real environ-
mental impact, meaning a tangible change in global temperature,
not just arbitrary reductions in CO, emissions. I want to know if
the United States cuts emissions and China does not, how much
will that impact global temperatures? With the ever-increasing
emissions of the developing world, even if the United States re-
duces its emissions to zero, there would be no change in global tem-
perature. Our climate change policies must be linked to a realistic
reduction in those temperatures. Cap-and-trade legislation that we
have seen so far, specifically legislation that was voted down in the
Senate last year, and legislation introduced last Congress by the
full committee chair would create economic opportunities for China
and India, and it would also create a national security threat, I
think, for this country.

There is an analysis that is going to be released in the coming
weeks by the National Commission on Energy Policy. It should be
noted that the head of that group was also a top energy and cli-
mate advisor to President Obama during his campaign. They found
that many energy-intensive businesses would fall far below a finan-
cial tipping point if Congress were to pass climate legislation simi-
lar to the bill that failed in the Senate last year. These companies
would go offshore, creating economic opportunities for China and
India, while making the environment, not to mention our economy,
worse. Furthermore, if we lost those key industries and their many
jobs, I think we would be on a weaker national security footing.

History has shown that the United States is stronger with a ro-
bust manufacturing and industrial base. The jobs and industries
that will bear the greatest cost of climate legislation are the very
same industries that we need to keep in America to remain a
power on the world stage. What happens to our national security
when we don’t manufacture much? What happens when we order
all the steel and aluminum from China? If we take the wrong legis-
lative path dealing with climate change, we run the real risk of
permanently destroying our manufacturing and defense supply
chains. I find it ironic that while the big issue of today is a stim-
ulus package to revive our economy, we are also getting ready to
go down a legislative path that, by all accounts, will reduce GDP,
send jobs overseas, and make energy more expensive. Let us be
honest. By design, that is how cap-and-trade works.

Just last year, Members of this Congress were proposing legisla-
tion that would include residential electricity prices by 28 percent
by the year 2015, over 40 percent by the year 2020, reduce our
GDP in 2015 by 2.3 percent, or $402 billion, and by 2050 by a 6
percent figure with a dollar amount a staggering $3 trillion. Michi-
gan already is one of the hardest hit states in our weak economy.
We would be disproportionately impacted. NAM did a detailed
analysis of the impact on my home State of Michigan and the im-
pact on jobs. The primary cause of job losses in Michigan would be
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the lower industrial output due to higher energy prices, the high
cost of compliance, and greater competition from overseas manufac-
turers with lower energy costs. Most energy prices would rise
under the proposals, particularly for coal and oil and natural gas.
If we end up with legislation that looks like anything that we saw
last year, doing an $800 billion stimulus this week won’t be
enough. We are going to send 3 million jobs overseas in the next
6 years and raise nearly $2,000 per household in additional costs.
%‘1hat stimulus package isn’t going to be nearly enough to soften the

ow.

I do believe that we have to do work to address climate change.
I don’t dispute the science. But our response must be to protect the
economy. It has got to be tied to international action and it must
have a tangible environmental benefit. Most importantly, I think
we need to focus on all of the above. That includes conservation,
that includes renewable resources and yes, that includes nuclear,
which has, as we know, no emissions of CO,. That is what we need
to do to create jobs and, I think, to have a measured impact on im-
proving our economy and doing it in the right, smart way, and I
yield back my time.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the chairman of the full committee, the gentleman from Cali-
fornia, Mr. Waxman.

OPENING STATEMENT OF HON. HENRY A. WAXMAN, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF CALI-
FORNIA

Mr. WAXMAN. Thank you very much, Mr. Chairman, for recog-
nizing me and for holding this hearing.

As the Energy and Commerce Committee develops legislation to
reduce greenhouse gas emissions, we are going to spend a consider-
able amount of time examining the potential costs of different ap-
proaches. We will have detailed government analysis and other as-
sessments to project the possible effects of various proposals on
electricity rates, gas prices, economic growth, and a host of other
indicators, but what I hope we will not do is have an analysis of
all of this compared to the analysis that we will hear about today
if we do nothing. We are going to consider a different set of costs
if we do nothing, the impact of these costs on our national security,
public health, and the global economy.

With global warming comes rising sea levels, severe droughts, in-
creasingly intense storms, and more-frequent fires and the loss of
agricultural land. These effects harm people and they impose huge
costs on the economy. Human health will also suffer, even if we
make significant improvements to our public health systems. For
example, as heat waves increase in frequency and severity, more
people will get sick, more people will die from heat-related ill-
nesses, and as we saw with Hurricane Katrina, extreme weather
events are harder on the sick than on the healthy and they cause
additional health problems. With these and many other effects of
global warming, the most vulnerable among us will be the hardest
hit and this alone is a reason to act.

But when military experts examine global warming, they see ad-
ditional costs that also demand action. In 2007, a board of 11 re-
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tired admirals and general reviewed the risks from climate change
around the globe. Some of these retired military officials had not
viewed climate change as a threat prior to this review, but based
on their review, the entire board came to this conclusion: Climate
change acts as a threat multiplier for instability in some of the
most volatile regions of the world. They warned of large popu-
lations moving in search of resources and weakened and failing
governments, which would foster conditions for internal conflicts,
extremism and movement toward increased authoritarianism and
radical ideologies. Retired General Anthony Zinni, former com-
mander-in-chief of the U.S. Central Command, put it this way: “We
will pay for climate change one way or another. We will pay to re-
duce greenhouse gas emissions today or we will pay the price later
in military terms, and that will involve human lives. There will be
a human toll. There is no way out of this that does not have real
costs attached to it. That has to hit home.”

I look forward to exploring these issues further with today’s wit-
nesses. I also look forward to working with you, Mr. Chairman, and
all the members of our committee as we develop legislation over
the coming months. Doing nothing is not an option that anybody
should look at without feeling a sense of alarm.

I yield back my time.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Florida for 2 minutes, Mr. Stearns.

OPENING STATEMENT OF HON. CLIFF STEARNS, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF FLORIDA

Mr. STEARNS. Thank you, Mr. Chairman.

In light of the dire warnings that you have outlined, you know,
I really think what we need to do is innovate rather than regulate
our way out of this energy dilemma. At a time when we are trying
to stimulate our economy and avoid entering what we think is a
prolonged recession, possibly a depression, there is all this talk
about, Mr. Chairman, you bringing an energy bill here before Me-
morial Day, and I assume this energy bill would be patterned after
the Lieberman-Warner bill, which would include cap-and-trade and
a lot of the other highly regulatory measures. So I want us to be
careful here in light of the economy that we don’t want to destroy
American jobs.

As pointed out by the ranking member from Michigan, China has
already surpassed the United States as the leading greenhouse gas
emitter and India is not far behind. With equivalent efforts to limit
these gases among China and India alone, the United States
stands to lose many hundreds of thousands of jobs to these coun-
tries, which will profit from unilateral action taken by the United
States. If we simply go ahead and do this without a cooperative ef-
fort with India and China, we will be hurting our workers today.

Now, according to one leading think tank, if legislation similar
to the Lieberman-Warner bill is enacted, they are talking about an-
nual job losses that would exceed 500,000 before 2030 and could
approach 1 million jobs lost. In my home State of Florida alone, we
are projected to lose about 300,000 jobs by the year 2030 if this
similar type of Lieberman-Warner bill is passed before this com-
mittee.
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Aside from losing these very desperately needed jobs to other
countries, American families obviously would suffer under a cap-
and-trade system. Now, the Charles River Associates International,
its headquarters in Boston, Massachusetts, the chairman’s home-
town, stated that if we implemented that type of bill, the number
of people that would go on unemployment would increase, subse-

uently into some type of welfare, and they project losses of $4 to
%6 trillion, so I think we have to be cautious, Mr. Chairman, and
I need to again say we need to innovate rather than regulate.
Thank you.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the chairman emeritus of the committee, the gentleman from
Michigan, for 5 minutes.

OPENING STATEMENT OF HON. JOHN D. DINGELL, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF MICHI-
GAN

Mr. DINGELL. Mr. Chairman, I thank you for your courtesy and
I thank you for holding this hearing today.

As I said at the last climate change hearing held by the full com-
mittee, global climate change is the most serious environmental
issue confronting this Nation. What we will hear today and what
we heard in the subcommittee hearing last summer, however, is
that this issue is not just an environmental matter. Instead, it
poses a major threat to our national security and to the public
health as well.

We often hear about the costs of addressing climate change, and
to be very clear, there will be significant monetary costs. Anybody
who thinks otherwise is fooling themselves. But we must also make
it clear that there is great cost to inaction. That we understand
both the cost of action and the cost of inaction is of the utmost im-
portance in designing fair and balanced climate change legislation.

Now, I will not pretend that this is going to be an easy task nor
can I assure you that it will not be. To start with, putting a dollar
value on inflation is difficult. How do you value the effect of the
storms that might happen or the value of potential species extinc-
tion? This is not easy to say as to how we should act. On the con-
trary, the scientific evidence is in and it is clear: We have no choice
but to act. That is why I, along with Representative Boucher, re-
leased a draft last year of a bill to address climate change. It was
an interesting piece of work, and interestingly enough, it embodied
provisions which were supported by all parts of those involved in
the controversy by the environmentalists and by business and in-
dustry, and it was a document which I think would be fairly easy
for everyone to come to some kind of agreement on.

Our witnesses today will tell us that our failure to act could put
the planet and the country at risk or even risk of graver and great-
er consequences. Today’s hearing will help us to understand poten-
tial security and the costs of those consequences. I hope as we go
about the consideration of these questions we will take a look at
the draft that Mr. Boucher and I released last year and that this
will be one of the documents which we will consider as we go about
the business of drafting legislation on this very important question.

Thank you, Mr. Chairman.
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Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Kentucky, Mr. Whitfield.

OPENING STATEMENT OF HON. ED WHITFIELD, A REPRESENT-
ATIVE IN CONGRESS FROM THE COMMONWEALTH OF KEN-
TUCKY

Mr. WHITFIELD. Thank you very much, Mr. Chairman, and we
appreciate this hearing today.

Kevin Trenberth, who was one of the lead authors of the United
Nations’ 2007 Intergovernmental Panel on Climate Change, stated
in a blog that he has on Nature’s journal that in fact there are no
predictions by the Intergovernmental Panel on Climate Change
and there never have been. The science is not done because we do
not have reliable or reasonable predictions of climate. And so when
we talk about the cost of not acting, I think it is particularly specu-
lative. But when we talk about the cost of acting, there certainly
is more reliable evidence of exactly the cost of acting, particularly
when you are talking about implementing a cap-and-trade system.
We can easily go to Europe and determine the cost of acting in Eu-
rope. We know that emissions have actually increased since the
cap-and-trade system was implemented in Europe. We also know
that there have been significant job losses, and we also know that
using a model based on the Lieberman-Warner bill, as my friend
from Florida stated, the prediction is that throughout the United
States by the year 2030 there would be 1 million people without
jobs, primarily because the job loss would be caused by lower in-
dustrial output because of higher energy costs. And when you have
countries like China, India and others that are relying more and
more on coal production because of the low cost of coal, America is
going to become even less competitive.

And so as we talk today about impact on national security, the
economy, and public health, I hope that we have some very strong
scientific and economic evidence of the cost of inaction. I don’t have
any time left.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Pennsylvania, Mr. Doyle.

OPENING STATEMENT OF HON. MICHAEL F. DOYLE, A REP-
RESENTATIVE IN CONGRESS FROM THE COMMONWEALTH
OF PENNSYLVANIA

Mr. DoYLE. Thank you, Mr. Chairman. I want to start my re-
marks by thanking you for having this important hearing today.

Mr. Chairman, at a time when our Nation is facing the worst
economic crisis in generations, hearings like this one are very im-
portant. We must fully understand not only the cost we incur as
we attempt to stimulate our economy today but what costs our Na-
tion will face if we do not use this opportunity to address climate
change as we rebuild our economy.

As I have said before, the question of whether climate change is
happening and if the actions of mankind are having an effect on
its progression is over. While there are a few scientists out there
that still cast doubt, it can be said that the overwhelming opinion
in the scientific community is that this crisis is very real, mankind
is in part responsible, and there are actions we can take now to
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slow and reverse this very dangerous trend. However, this hearing
is not about if climate change is real, this hearing is about the cost
of action and the cost of inaction.

As many of our witnesses will also testify to, I believe that doing
nothing is no longer an option as there are very real costs that will
happen if the United States continues to lag behind other nations
as they move forward to address this truly global problem. Presi-
dent Obama stated earlier this week that the country that figures
out how to make cheaper energy that is also clean will win the eco-
nomic competition in the future. Regardless of how any member of
this committee feels regarding the science of global warming, I
would hope that every member here would agree with the Presi-
dent’s statement. I don’t care if you are joining the climate discus-
sion because you feel there is a profound environmental threat or
if you are joining the climate discussion because you see economic
advantages for the United States, it is critical that we all work to
ensure that we position our nation to be the world’s leader in the
production of cheap and clean energy.

Like the dot-com boom of the 1990s, the energy revolution will
provide jobs, the trade, and economic growth that our citizens deep-
ly desire. It is critical that this committee act this year and put our
Nation back on a path for the production, distribution, and sale of
not only cheap energy, but all the technology that will be required
to produce it.

With that, I yield back, Mr. Chairman.

Mr. MARKEY. I thank the gentleman. The chair recognizes the
gentleman from Illinois, Mr. Shimkus.

Mr. SHIMKUS. Thank you, Mr. Chairman. Ryan, just put this up.

[Slide shown.]

This is a Peabody Mine #10 in Kincaid, Illinois, prior to the
Clean Air Act. It was an efficient operation with a power plant just
across the street. These are the workers who were employed at this
mine. They are the faces of the middle class. They are the faces of
the United Mine Workers. They are the faces of the unemployed.

I attended a rally at the Christian County Fairgrounds, which at-
tacked the company for their closure of this mine. The real culprit
was legislation passed by this government in the Clean Air Act. I
will fight to keep this from happening to my mineworkers again,
and I yield back my time.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Texas, Mr. Gonzalez.

Mr. GoNzALEZ. I will waive.

Mr. MARKEY. The chair recognizes the gentleman from Utah, Mr.
Matheson.

Mr. MATHESON. I will waive.

Mr. MARKEY. The chair recognizes the gentleman from North
Carolina, Mr. Butterfield.

OPENING STATEMENT OF HON. G.K. BUTTERFIELD, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF NORTH
CAROLINA

Mr. BUTTERFIELD. Thank you very much, Mr. Chairman, for con-
vening this hearing, and thank you for your leadership, not only on
this committee, but on this very issue that we are talking about.
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You have been talking about it for so long, long before I came to
this Congress, and I just thank you so much.

As with most disasters, Mr. Chairman, the effects of climate
change will be most significantly experienced by low-income people
both in our country and abroad. Any climate effect that strains es-
sential resources, such as water, food, and shelter is multiplied on
poor people who already live on tight margins. For this and other
reasons, the cost of inaction on climate change rises exponentially
for the poor of this country, as well as those living in developing
regions around the world. James Lyons testified before the sub-
committee last year that people living in developing countries are
20 times more likely to be affected by climate change disasters.
Drought, disease, and severe weather events are typically exacer-
bated in these developing areas, as compared to more-developed re-
gions.

The consequences of domestic climate change for the poor could
include chronic illnesses and the loss of property, yes, the loss of
property and livelihood. As temperatures rise, air quality drops and
asthma cases rise. Numerous studies have shown a clear link be-
tween poverty and increased susceptibility to asthma, and people
of color are three times likelier to suffer from asthma-related condi-
tions. Much of my district in North Carolina includes low-lying and
coastal lands. A recent University of Maryland study projected an
18-inch rise in sea level by 2080, which would cause over $2.8 bil-
lion in property losses in just four of my counties. Bertie County,
one of my poorest counties, would lose an estimated $9 million in
property. That does not sound like a lot to my friends from urban
areas but it is indeed in a rural area. Inaction would affect their
homes, their businesses, and the lives that they have built with
their families.We must act in this Congress, but as we push for-
ward in developing policy that would set scientifically-based targets
for greenhouse gas reductions, we must be sure to remember the
needs of low-income people both here in this country and around
the world.

Thank you, Mr. Chairman. I yield back.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Louisiana, Mr. Scalise.

OPENING STATEMENT OF HON. STEVE SCALISE, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF LOU-
ISIANA

Mr. ScALISE. Thank you, Mr. Chairman. I appreciate the oppor-
tunity to discuss the effects of sweeping climate change legislation.
I certainly look forward to hearing the testimony from our panel
today.

I would note that for thousands of years, climate and tempera-
ture cycles of the Earth have been in effect, and this Congress
must not hastily pass sweeping climate change legislation without
regard to its negative economic impact. At a time when our econ-
omy is struggling and when we must make bold efforts to become
energy independent for national security and other reasons, it is
our job to carefully weigh the costs and benefits of each proposal
we will face before this subcommittee. I remain concerned that we
have focused too little on the effect of sweeping climate change and
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what it would have on our economy as well as the historical record
throughout our history.

As Congress considers radical policy changes here in Wash-
ington, we are already seeing some of the negative effects take
place by decisions that private firms are making today. There is a
major steel manufacturing plant in this country that is currently
making a decision between building a $2 billion plant. Right now
their choices are between Louisiana, near my district, or Brazil.
What they have said, according to the CEO of the company, immi-
nent U.S. policy changes dealing with climate change are nega-
tively affecting their decision to build a major plant here in the
United States, which would create 700 good jobs. Those are 700
jobs that because of the decisions that are being discussed here, if
we make negative policy changes that are radical, they would run
those 700 jobs out of this country and send them to Brazil.

Becoming more energy efficient is a good thing, but I urge cau-
tion in proceeding in a radical fashion that could produce dire con-
sequences to our economy without yielding any benefits to our envi-
ronment.

Thank you, and I look forward to hearing from our panel.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentlelady from California, Ms. Harman.

OPENING STATEMENT OF HON. JANE HARMAN, A REPRESENT-
ATIVE IN CONGRESS FROM THE STATE OF CALIFORNIA

Ms. HARMAN. Thank you, Mr. Chairman, and my thanks to you
and also to the chairman of the full committee, Mr. Waxman, for
your work on the stimulus package that we will vote on tomorrow.
There are sections in it on health and energy that are absolutely
critical and that obviously owe a lot to the work of this committee.
I just want to say as a Californian how much I appreciate the effort
to increase the share of FMAP payments that will go to counties
and cities.

Mr. Chairman, to paraphrase our new President, leaders must be
able to do more than one thing at a time. That means fixing the
economy and beginning to solve, perhaps, the most pressing public
policy challenge of this generation, global climate change. I recog-
nize, and we have just heard it, and that there are a few on this
committee who still doubt the science of climate change and its im-
plications, but I am not one of them. The climate is changing more
radically and more quickly than we once believed and the con-
sequences of inaction will be catastrophic.

I want to acknowledge the work of some of the witnesses before
us. A few years back, Jim Woolsey helped to arrange a simulation
in my congressional district called Oil Shock Wave. I think he
played the President, and I was Secretary of Defense and former
California Governor Pete Wilson was Secretary of State, and what-
ever firepower we brought to that, we couldn’t solve the implica-
tions of shockingly high oil prices on the U.S. economy, and we
have actually now a few months back seen what happens with
that. So I want to thank him for his work on that, and as you will
hear in a minute, his work on the implications on the electric grid
and other things of some of these issues.
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And as for General Sullivan, you will remember that we had a
big fight in Congress adding a section to the intelligence authoriza-
tion bill a few years ago to require a national intelligence estimate
on the effects of climate change on our national security. Many peo-
ple laughed about that. Well, I don’t think it is a laughing matter,
and I think we have learned that famine and drought produce the
pelrfect conditions for recruiting terrorists, and I worry about that
a lot.

So let me just close by saying if we worry about jobs, let us get
this right and build the jobs of the future and keep America secure.
Thank you, Mr. Chairman.

Mr. MARKEY. The gentlelady’s time has expired. The chair recog-
nizes the ranking member of the full committee, the gentleman
from Texas, for 5 minutes.

OPENING STATEMENT OF HON. JOE BARTON, A
REPRESENTATIVE IN CONGRESS FROM THE STATE OF TEXAS

Mr. BARTON. Thank you, Mr. Chairman. It is good to finally en-
gage in the debate. Global warming or climate change is certainly
an issue that we have walked around the edges of in this Congress
for the last several sessions, and I think it is an important issue
and I think it is good to have these witnesses and the ones that
are going to appear after them to begin the information-gathering
process.

I am, I don’t think it is a surprise, a skeptic that mankind is
causing the climate to change. I do agree that the climate is chang-
ing. That is self-evident. I just have a problem because I am a reg-
istered professional engineer. When I look at all the evidence of the
past climate change cycles to see what is different about this one,
that somehow mankind is the cause, the supposed expert IPCC
models, unless they miraculously improved them in the past 3 to
4 months, don’t do a very good job of even predicting the past. Half
the time they get the degree of change and the direction wrong.
Now, maybe they have changed some in the last 6 months and
maybe some of these witnesses can educate me on that.

We understand that global warming is a theory and it may even
be a practical theory, but I am not yet ready to accept that it is
a theology. Some of the more fervent global warming advocates do
take it as a theology or a pseudoreligion. When you try to debate
with them the facts of the case, they get very intensely upset.

Global warming advocates believe that humanity’s CO, emissions
harm the earth by raising the global temperature, and they say
that only draconian action led by the United States will save the
planet. The U.S. cap-and-trade group that testified at the full com-
mittee several weeks ago supports a proposal that would cut CO;
emissions by 80 percent in the United States by the year 2050.
Again, I can stand to be corrected ,but my understanding, if we cut
our CO; emissions by 80 percent, we are back to levels that we last
experienced in the United States around World War I, when we
had about 120 million people in this country and over half of those
lived on farms, and the per capita income was in the hundreds of
dollars per person instead of the tens of thousand of dollars per
person that it is today.
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If we do what the advocates say we should do, the econometric
models, which I believe are more accurate, almost guarantee a 2
to 3 percent GDP negative growth, in other words, a contraction of
GDP on an annual basis. You want to talk about launching another
Great Depression; let us do some of the things that require that
kind of a contraction.

Instead of heading back to the Bronze Age, I think we should
look to the future for solutions. I think it is possible on a bipartisan
basis to do things that actually further the science, further the re-
search into carbon capture and conversion, accelerate the use of ex-
isting technologies like nuclear power, some of the alternative en-
ergy sources that we know are zero emissions, wind power, new hy-
dropower, things like that. We can have a bipartisan solution, a bi-
partisan proposal on those kinds of things.

No poor country values its environment more than it values its
people’s ability to make a living. One of the problems we are going
to have, it is one thing to ask an industrialized society to do with
a little bit less, but it is another thing entirely to ask an evolving
society to not do at all. If you go to some of the countries in Africa
and Asia, some of the former European Soviet Union satellites in
eastern Europe and ask them to just not have what we have taken
for granted in this country for the last 50 years, I think we are
going to get a rude awakening. They are just not going to do it. If
the choice is wash your clothes in the ditch or put electricity that
is generated by a coal-fired power plant so that you can actually
buy a washing machine, most people are going to build a coal-fired
power plant.

So again, that is why we need to do things like Mr. Boucher’s bill
on CO; research for conversion and capture and do some of the
things that I have already alluded to.

I see that my time is about to—in fact, it has expired, Mr. Chair-
man. I appreciate you giving me that notice. Suffice it to say that
I am very involved in this debate. I appreciate the process where
we do the hearings before we move a bill. That is somewhat unique
in this Congress, and I appreciate you doing that. I look forward
to the debate.

Mr. MARKEY. I thank the gentleman very much. The chair recog-
nizes the gentlelady from California, Ms. Matsui.

OPENING STATEMENT OF HON. DORIS O. MATSUI, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF CALI-
FORNIA

Ms. MATsUI. Thank you, Mr. Chairman, for calling today’s hear-
ing. I applaud your leadership and vision on this critical and press-
ing issue. I look forward to working with you and with all the
members on the committee to craft responsible solutions to the
problem of climate change. I would also like to thank today’s panel-
ists for sharing their expertise with us.

Climate change is a problem that demands action and demands
action now. My hometown of Sacramento is a perfect illustration of
why we need to solve climate change as soon as possible. In Sac-
ramento we live at the confluence of two great rivers. We also live
at the foot of the Sierra Nevada Mountain range. We have learned
to manage the winter rains that test our levies and we learned to
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manage the spring snowmelt that flows down from the Sierras each
year. But global warming threatens to upset this finely-tuned bal-
ance. This year we are having a major drought. In recent years, ex-
treme amounts of rain have strained our infrastructure. Behind
these changing climatic patterns is a constant threat of flooding.
Protecting my hometown from flooding is my top priority. This
makes addressing climate change that much more urgent for me.
Nearly half a million people, 110,000 structures, the capital of the
State of California and up to $58 billion are at risk from flooding
in Sacramento.

Unless we take action now, our way of life in Sacramento and
California and across the country will be changed forever. I look
forward to hearing from each of today’s witness of how we can ad-
vance solutions to global warming that keep people safe and help
us avoid disaster here at home.

Thank you again for your leadership on this issue, Mr. Chair-
man, and with that I yield back the balance of my time.

Mr. MARKEY. The gentlelady’s time has expired. The chair recog-
nizes the gentleman from Texas, Mr. Burgess.

OPENING STATEMENT OF HON. MICHAEL C. BURGESS, A
REPRESENTATIVE IN CONGRESS FROM THE STATE OF TEXAS

Mr. BURGESS. Thank you, Mr. Chairman. I appreciate you hold-
ing the hearing today titled “The Climate Crisis: National Security,
Public Health, and Economic Threats.” In fact, the title kind of
evokes what columnist George Will spoke about last Sunday: The
only thing we have to fear is insufficiency of fear.

If T were to list the top 100 national security threats facing our
country today and rank them from one to 100, I would be hard
pressed to put climate change in the top tier, the top 50, or perhaps
even in the top 75. Now, there may be a national security threat
but so are birds flying about the Hudson River. Scaring people into
feeling better about paying more for their energy consumption
under the guise of potential greater national security is a hard sell.
People in my district know that as a Nation we have got greater
domestic security concerns and, especially now, greater economic
concerns to address before we try to tackle the weather and beach
erosion.

We simply do not know the future or what technology may exist
in the future but we do know that the technology that we will need
to dramatically change the way we deliver and consume energy will
require a strong and growing economy. Strong and growing econo-
mies have obligations to protect their national security. I would
also argue that the needs of challenged societies do not hinge on
the exploitation of natural resources, but rather on the lack of af-
fordable resources, given the needs of their people. Strong and
growing economies have the financial resources to provide addi-
tional aid to people in need. Strong and growing economies can pro-
tect themselves more easily and adapt to changes and mitigate the
effects of natural disasters. Let us ensure that our ability and the
ability of developing economies to prosper are not put at future risk
by the way we choose to address the issue of human contributions
to what we now know as climate change.
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I thank you for the consideration, Mr. Chairman. I will yield
back the balance of my time.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Washington State, Mr. Inslee, for an
opening statement.

OPENING STATEMENT OF HON. JAY INSLEE, A REPRESENTA-
TIVE IN CONGRESS FROM THE STATE OF WASHINGTON

Mr. INSLEE. Thank you, Mr. Chairman.

I would like to make two points. First, in response to Mr. Bar-
ton’s entreaty that we follow science rather than theology, I think
all of us have to be willing to accept new science, and I want to
say that I have been wrong on this issue of global warming now
for several years. I have been advocating action for this and I have
been wrong. I based my earlier positions on this climate change re-
port of 2007, the physical science basis consensus product of a cou-
ple thousand of the world’s best scientists including, I believe Nobel
Prize winner Dr. Chu, the film, “An Inconvenient Truth” and a lot
of other things I have read. All of those things were wrong. They
grossly understated the threat that we are facing today. Because
during the last 12 months we have had an avalanche of informa-
tion scientifically to indicate our previous projections grossly under-
stated the pace and depth and scope of this threat.

While we previously thought the Arctic would be around in 50
years, it is gone now virtually in the summer. While we previously
said that glaciers in Glacier National Park would be around in dec-
ades, they are essentially going much more rapidly. While we pre-
viously thought ocean acidification would take 70 years to make it
impossible for coral reefs to exist, they are now rapidly approaching
that level right now off the coast of the State of Washington.

This is a much deeper problem than we thought it was 12
months ago and that is why it demands urgent action, and it de-
mands action tomorrow, when we vote on the economic recovery
bill, which is the largest investment in innovation, creativity, and
job creation in green-collar jobs in American history, $90 billion to
do exactly what my Republican friends say they believe in, which
is innovation, and I entreat them to vote for the largest investment
in innovation at A123 Battery Company with lithium ion batteries,
at the Ostra solar-concentrated solar thermal plant, at Magna
Drive in Bellevue, Washington, at Detroit’s GM, where we want to
make electric cars. I hope they will vote with us tomorrow to inno-
vate our way out of this problem. Thank you.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Pennsylvania, Mr. Pitts.

OPENING STATEMENT OF HON. JOSEPH R. PITTS, A REP-
RESENTATIVE IN CONGRESS FROM THE COMMONWEALTH
OF PENNSYLVANIA

Mr. PitTs. Thank you, Mr. Chairman, for holding this hearing.
I believe that it is of the utmost importance to protect our environ-
ment and our atmosphere. However, we need to ensure that our so-
lutions don’t create new problems. The massive federal regulations
that will ensue from an overarching broad climate change piece of
legislation could dramatically hurt national security and our econ-
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omy. The U.S. military is the country’s largest consumer of oil, and
90 percent of the Federal Government energy cost comes from the
military. The military has acknowledged the need to decrease their
dependency on oil and they have taken proactive steps towards this
by turning to hybrid electric engines, nuclear-powered ships, alter-
native fuels, and geothermal, wind, and solar energy.

According to a Heritage Foundation analysis, the EPA could reg-
ulate greenhouse gas emissions from numerous types of engines,
including those installed in military tanks, trucks, helicopters,
ships, and aircraft. Therefore, it is imperative that greenhouse gas
emissions regulations must not hamper our Nation’s ability to train
and equip our troops by placing restrictions on our military that
will be overly cumbersome.

In a time of serious economic downturn, we should be careful
about advocating a regulatory policy that will raise the cost of en-
ergy and further burden businesses and consumers. Instead, we
need to make sure our economy is vibrant, and we can do this by
ensuring there is enough investment capital to advance alternative
and energy-efficient technologies. I urge the committee to consider
potential negative effects that overly stringent climate change leg-
islation may have on our Nation’s armed forces and the economy.
Now is not the time to debilitate the economy or the military’s abil-
ity to prepare for and engage in conflicts around the globe.

Again, thank you, Mr. Chairman, for the hearing. I look forward
to hearing the testimony of our witnesses, and I yield back.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from New Jersey, Mr. Pallone.

OPENING STATEMENT OF HON. FRANK PALLONE, JR., A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF NEW JER-
SEY

Mr. PALLONE. Thank you, Mr. Chairman.

Everyone here understands the serious threat that global climate
change represents to the world. The fourth assessment report of
the Intergovernmental Panel on Climate Change, IPCC, predicted
serious risks and damages to species, ecosystems, and human in-
frastructure if action is not taken to reduce emissions.

I want to focus on the public health issues related to global
warming. First, let me be clear, global warming has very real and
devastating effects on public health. According to the IPCC, climate
change contributes to the global burden of disease, premature
death, and other adverse health impacts. Furthermore, the World
Health Organization has stated that climate change is a significant
and emerging threat to public health. The Organization estimates
that changes in earth’s climate may have caused at least 5 million
cases of illness and more than 150,000 deaths in the year 2000.

As a member from New Jersey, air quality issues are a particular
concern for me. The EPA designates New Jersey as a nonattain-
ment area, meaning New Jersey has ozone levels higher than al-
lowed under the EPA’s 8-Hour Ozone National Air Quality Stand-
ard. These higher concentrations of ground ozone cause serious
consequences for people with cardiorespiratory problems. Reducing
global warming pollution will substantially reduce particulate mat-
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ter, which would significantly benefit people living in nonattain-
ment areas.

The goal of this hearing is to determine how best to manage the
effects of global warming and how to craft an aggressive policy to
lower greenhouse gas emissions. Through Chairman Markey’s lead-
ership in the Select Committee on Global Warming, we know we
need aggressive action. Congress must pass legislation that will set
the necessary short- and long-term emission targets that are cer-
tain and enforceable. We can’t afford to wait another year to act.

Thank you, Mr. Chairman.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Georgia, Mr. Barrow.

Mr. BARROW. Thank you. I will waive an opening.

Mr. MARKEY. The gentleman waives. The chair recognizes the
gentlelady from Wisconsin, Ms. Baldwin.

OPENING STATEMENT OF HON. TAMMY BALDWIN, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF WIS-
CONSIN

Ms. BALDWIN. Thank you, Mr. Chairman.

We know that climate change comes with a very large price tag,
and the costs are not just measured in dollars. Our emissions have
put our environment, social structure, and national security at risk,
and if we fail to act comprehensively, the impacts will be felt
through the loss of human life, health, species extinction, and loss
of ecosystems and social conflict.

As Members of Congress, especially as Members of the people’s
House, we are generally prone to crafting and passing legislation
that provides immediate or near-term relief to our constituents just
as we are doing with the recovery package this week. However, it
is a seeming challenge for us to enact consequential legislation that
may raise costs in the near term with benefits that aren’t reaped
for perhaps a generation, maybe more than a generation to come,
legislation that will have benefits that some of us won’t even live
to see. Yet this is exactly the predicament that we now find our-
selves in. Do we make the investment now to avoid the worst im-
pacts of climate change? According to Lord Nicholas Stern, who
this subcommittee heard from less than a year ago, the cost of act-
ing today is about 1 percent of global GDP each year. However, if
we wait and leave this issue to a future generation and watch the
costs and risks rise, the cost of inaction rises up to 20 percent of
global GDP each year. I am of the opinion that the risks are too
great for us to fail to act in the very near term.

I have seen firsthand the intense rain, flooding and devastation
that people in my district and across the upper Midwest area expe-
riencing as the result of intense rainfall last year. We lost homes,
businesses, and farmland, not to mention millions of dollars in lost
productivity. I can only hope that we will do everything in our
power to ensure that these 100-year events do not become the norm
in the future.

Mr. Chairman, the scientific community has come together on
this issue. It is high time that we do. I yield back the balance of
my time.
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Mr. MARKEY. The gentlelady’s time has expired. The chair recog-
nizes the gentleman from Vermont, Mr. Welch.

OPENING STATEMENT OF HON. PETER WELCH, A REPRESENT-
ATIVE IN CONGRESS FROM THE STATE OF VERMONT

Mr. WELCH. Thank you, Mr. Chairman, and thank you for this
hearing.

For decades the issue of climate change has focused on a debate
about science, but today I think that question is closed. Over-
whelming scientific research shows that global warming is real, it
is urgent, and it requires our immediate action. Last month we
heard testimony from our country’s largest corporations, and it
really goes to the heart of what some of my colleagues on the other
side of the aisle have been saying. We have to focus on economic
consequences. The universal testimony, undivided, united opinion
was that the cost of inaction would be dire to the economy, and
today we will hear further that addressing climate change is crit-
ical for maintaining national security and protecting public health.

Addressing the challenge presents us with an opportunity, and
that is really where we have to decide whether we are going to face
this confidently the way America does when it is successful or de-
fensively. Addressing this challenge is critical to all of us. We know
it in Vermont. Even as a small State, we have realized that we can
and must make a contribution to a sustainable future, and in fact,
we are seeing that some of our best jobs are created by companies
that are engaging in this battle directly and energetically. The test
of leadership for this Congress is to face directly the realities that
are difficult, and as my colleague from Wisconsin said, delay is
going to cost us more, not less. We must tackle this challenge
squarely and directly as the confident Nation that we are.

Thank you. I yield back.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from New York, Mr. Engel.

OPENING STATEMENT OF HON. ELIOT ENGEL, A REPRESENTA-
TIVE IN CONGRESS FROM THE STATE OF NEW YORK

Mr. ENGEL. Thank you, Mr. Chairman, and thank you for hold-
ing this very important hearing this morning.

Climate change is real. We all know the science is no longer a
debate. It is one of the greatest environmental, economic, and
international security threats of our time. To protect our Nation
and our environment, we must decrease our consumption of oil and
increase our ability to produce clean biofuels here at home. We
made progress toward these goals last Congress by enacting the
Energy Independence and Security Act. That legislation made
groundbreaking steps to increase CAFE standards for our vehicles,
strengthen energy efficiency for a wide range of products, and pro-
mote the use of more-affordable American biofuels. I am continuing
to work to advance those goals with my Open Fuel Standards Act,
which would require that 50 percent of new cars sold in the United
States by 2012 are flex fuel and 80 percent by 2015, meaning that
they are able to run on any combination of ethanol, methanol, or
gasoline.
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But it is not just the transportation sector that contributes to cli-
mate change. It is much bigger than that, and that is why we are
gathered here today. We must implement a cap on carbon emis-
sions. We must work together as scientist, entrepreneurs, and
Americans, simply Americans, to deploy the next generation of en-
ergy that will allow us to build the next generation’s economy.

I look forward to today’s hearing, and I thank you, Mr. Chair-
man, and I yield back.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from California, Mr. McNerney.

OPENING STATEMENT OF HON. JERRY MCNERNEY, A REP-
RESENTATIVE IN CONGRESS FROM THE STATE OF CALI-
FORNIA

Mr. McNERNEY. Thank you, Mr. Chairman. I have had the privi-
lege of serving on your Select Committee on Global Warming, and
I have seen some very incredible testimony, some stunning testi-
mony including some from the witnesses that are in front of us
today. I want to thank the witnesses for your hard work, for com-
ing over here today, for facing this panel. I have been in business.
I have seen some incredible technology out there. I know we can
do this, and, you know, we have heard plenty about the choice be-
tween the economy and moving forward in reducing our electronics,
that this is our going to hurt our economy. That is a false choice.
We have the technology, we have the wherewithal in the United
States of America to do this, and it is going to create jobs, and it
is going to make us have a strong economy.

I look forward to working with members of this committee and
hearing your testimony and we will end this dependence on oil and
we will create a great green economy.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentlelady from California, Ms. Capps.

OPENING STATEMENT OF HON. LOIS CAPPS, A REPRESENTA-
TIVE IN CONGRESS FROM THE STATE OF CALIFORNIA

Ms. CApps. Thank you, Mr. Chairman, for holding this hearing.
I very much look forward to our esteemed witnesses’ testimony.

The climate crisis is upon us. The earth is warming and the
threat is real. Our economy, our national security and the public’s
health and well-being are all at risk. Global warming will obviously
affect our economy. According to the well-respected Stern Review,
every dollar we spend to reduce greenhouse gases now will save us
$5 later. Already the rising sea level has left residents of a small
village in northwest Alaska unable to fish, unable to build safe
homes, and that is just one example.

In my home State of California, a study by the economists from
the University of California Berkley found that $2.5 trillion worth
of real estate assets are vulnerable to flooding and sea rise. In ad-
dition, $500 billion of transportation facilities are at risk as a re-
sult of rising sea levels, including five major California airports
that sit on the coast. One of these airports is the Santa Barbara
Airport that I fly in and out of each week.

The climate crisis also threatens our national security. Policy an-
alysts have issued several reports finding that a failure to act will
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have dire consequences triggering humanitarian disasters and po-
litical instability in what are already some of our most fragile re-
gions such as Africa and the Middle East.

Finally, as a public health nurse, as the grandmother of a child
with asthma, I am gravely concerned about the effect of global
warming on the public’s health. For example, rising temperatures
increase ozone smog, which worsens the condition of people suf-
fering from respiratory diseases like asthma. Increased levels of
carbon dioxide may prolong the pollen season, intensifying the suf-
fering of the 36 million American plagued with seasonal allergies.
Increased temperatures have also caused extreme heat waves with
tragic consequences. In July 2006, an extreme heat wave in Cali-
fornia caused at least 140 deaths. Our sources of clean drinking
water are also at risk, especially again in California. Many of my
constituents rely on the Colorado River for a portion of their drink-
ing water. The river faces long-term drought due to global warming
and it is estimated that it would take 15 to 20 years of normal
rainfall to refill the river’s main reservoirs.

We need to address this situation. I am thankful that this proc-
ess is beginning today.

Mr. MARKEY. The gentlelady’s time has expired. All opening
statements by members of the subcommittee have been completed.
I note that a member of the full committee, Ms. Christensen from
the Virgin Islands, is here, and if you would like by unanimous
consent, is there a 1-minute statement you would like to make at
this time?

OPENING STATEMENT OF HON. DONNA M. CHRISTENSEN, A
REPRESENTATIVE IN CONGRESS FROM THE VIRGIN ISLANDS

Ms. CHRISTENSEN. Thank you, Mr. Chairman and Ranking Mem-
ber, and thank you for allowing me to sit in on the hearing, and
I would like to associate myself with the remarks of my colleague,
Ms. Capps from California, but I also wanted to point out that
while climate change is an important issue for everyone every-
where, it is especially critical to the Caribbean, where my district
sits, and despite the fact that we contribute relatively little to
greenhouse gases, we are likely to face the severest of impacts, and
also the reports have shown that the cost of inaction for us is
unsustainable; so I look forward to the testimony of our witnesses.

Mr. MARKEY. I thank the gentlelady, and we thank her for vis-
iting with us today.

That completes all opening statements. We will now turn to our
very distinguished panel, and I will begin by recognizing our first
witness, who is Dr. Daniel Schrag. He is the Director of the Center
for the Environment and the director of the Laboratory for Geo-
chemical Oceanography at Harvard University. He is a former
member of the board of reviewing editors for Science magazine, and
a MacArthur fellow, a winner of that genius award. We look for-
ward to your testimony, Dr. Schrag. Whenever you are ready,
please begin.
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STATEMENT OF DANIEL SCHRAG, DIRECTOR OF THE CENTER
FOR THE ENVIRONMENT, DIRECTOR OF THE LABORATORY
FOR GEOCHEMICAL OCEANOGRAPHY, HARVARD UNIVER-
SITY

Mr. SCHRAG. Thank you, Mr. Chairman. As an earth scientist
who studies how the climate has changed in the past, I believe the
geologic data suggests that most scientific assessments of global
warming err on the conservative side. This has led to a misunder-
standing of the risk of adverse impacts of climate change. I will
give a few examples today.

[Slide shown.]

To quickly remind the committee, and if you could click once on
the slide, humans are changing the amount of carbon dioxide in the
atmosphere, mostly from burning coal, oil, and gas. The current
level, more than 380 parts per million, is higher than it has been
for at least the last 650,000 years and perhaps for tens of millions
of years. By the middle of this century, we will be at 500 parts per
million. The issue before us is not whether we will get to 500, but
whether we stop at 500 or go to 1,000. It is an uncontrolled experi-
ment filled with uncertainty, and just like uncertainty in financial
markets, it is a reason for grave concern.

Observations and models tell us that climate change in this cen-
tury may be dramatic, perhaps even catastrophic. We tend to focus
on the more extreme and more adverse consequences, not because
we are aware of any beneficial outcomes, but simply because global
warming is like an insurance problem. We need to understand the
probability of the most undesirable outcomes to best gauge what
steps to take to avoid them. I will give two examples of how con-
servative the scientific community can be. Next slide.

[Slide shown.]

First, consider the sea ice distribution in the Arctic in September
of 2007. Previous studies, including the IPCC, predicted that the
Arctic icecap might disappear in the summer toward the end of the
century, certainly no earlier than 2050. Then in 2007, there was a
20 percent decline in aerial extent of sea ice below the previous
record, which was 2005. New studies now predict that the Arctic
may be ice-free as soon as the middle of the next decade, a mile-
stone that will drastically change the Arctic climate, will change
world commerce, and will enhance the melting of land ice on
Greenland because the Arctic sea ice keeps Greenland cold.

[Slide shown.]

A second example, next slide, is the IPCC’s discussion of future
sea level rise. The IPCC predicts 10 to 25 inches based on different
emission scenarios of overall sea level rise, but most of that is actu-
ally due to the thermal expansion of seawater. Only 2 inches over
the century are attributed to melting of Greenland, even though
Greenland ice has about 23 feet of potential sea level rise stored
on it. The projection is an extrapolation of the current rates of
warming, assuming that the current melting of Greenland will go
on and stay the same throughout the century with no change, a
highly unlikely outcome. It illustrates the basic problem. When
pushed, the scientific community often falls back on an answer that
can be defended with confidence, even though it may not provide
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yoi1, 3he policymakers, with an accurate picture of the risk in-
volved.

Why are scientists so conservative in their assessment of climate
change? A major reason is that the scientific method teaches us to
be conservative and to state things only when we know them with
high confidence, such as 95 percent confidence interval. This is in
striking contrast to questions of national security, as illustrated by
the 1 percent doctrine articulated by former Vice President Cheney.
In Cheney’s formulation, if a probability of a high-consequence
event such as nuclear terrorist attack is only 1 percent, then we
should treat it as an absolute certainty and act accordingly. It is
really just an extension of the precautionary principle. But climate
change may have just as serious implications for national security.
Consider the advance of the timing of mountain snowmelt as the
earth warms.

[Slide shown.]

In the western United States, next slide, please, this could mean
as much as 60 to 80 days earlier snowmelt than today by the end
of the century, and again, this could be conservative. If the river
draining the Sierra Nevada in California, for example, were to run
dry by mid-summer, then California agriculture would be impos-
sible, and this is mild compared with other parts of the world. The
great rivers that drain the Himalayas and Tibetan plateau, the
Indus, the Ganges, the Mekong, the Yangtze, and the Yellow all de-
pend on melting snow and ice for a large fraction of their water.
How might the decline of the Indus, for example, affect the political
stability of Pakistan and the support for Islamic terrorism? How
will China and India deal with reduced water resources, and will
it lead to more regional conflict? The risk of serious water stress,
not just in Asia but around the world, contributing to failed states
and major security disasters is well above a 1 percent threshold for
serious action and illustrates how global warming poses an enor-
mous challenge to peace and stability around the world.

A final point I would like to make before this committee is that
many steps to mitigate climate change will also result in an in-
crease in our national security. Energy security is at the heart of
many issues of security around the world including funding our en-
emies or the strengthening influence that Russia has over Europe,
because of dependence on natural gas imports. Most new tech-
nologies that can reduce carbon emissions will also reduce our de-
pendence on foreign sources of fossil fuels. Energy efficiency is the
most important strategy as it will likely result in significant sav-
ings to our economy. Investments in renewable energy resources in
appropriate locations, as well as carbon capture and storage for
coal-fired power plants and other large stationary sources of CO»,
will reduce our need to import greater amounts of liquid natural
gas in the future. And our dependence on foreign oil will only be
reduce in the long run if we can develop clean, domestic alter-
natives such as synthetic fuels produced from blending biomass
and coal with carbon sequestration. Through such steps we can
lead the rest of the world down a path toward greater prosperity,
stability, and security. If we fail in this task, we risk threatening
the stability of our climate, our society and our entire planet.
Thank you.
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[The prepared statement of Mr. Schrag follows:]
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Testimony of Professor Daniel P. Schrag, Harvard University
before the
Energy and Environment Subcommittee of the
House Committee on Energy and Commerce
U.S. House of Representatives
February 12, 2009

Thank you, Mr. Chairman, and thank you to the members of the committee for
inviting me to speak here today. | am Sturgis Hooper Professor of Geology at
Harvard University in the Department of Earth and Planetary Sciences and
Professor of Environmental Sciences and Engineering in the School of
Engineering and Applied Sciences. | also serve as Director of the Harvard
University Center for the Environment, which allows me to work with faculty in
public health, public policy, economics, business, law and a variety of other
disciplines.

One of the issues before this committee today is how global warming will
contribute to national and international security. | approach this question from my
work on the science of the climate system, and also from my studies of new and
traditional energy technologies. As an earth scientist who studies how the
climate has changed in the past, | believe there is no serious debate about
whether the earth will warm as carbon dioxide levels increase over this century —
it will. What is difficult to predict is exactly how much warming will occur, and
exactly how that will affect human society. Unfortunately, | believe that most
scientific assessments of future climate change may err on the conservative side,
contrary to the claims of the few but vocal climate skeptics. This has ledto a
misunderstanding of the risk of adverse impacts of climate change. 1 will give a
few examples today.

Humans are changing the amount of carbon dioxide in the atmosphere, mostly
from burning of coal, oil and gas, with deforestation also playing a significant role.
The current level, in excess of 380 parts per million (ppm), is higher than it has
been for at least the iast 650,000 years, and perhaps for tens of millions of years.
To put it differently, we are experiencing higher CO; levels now than any human
being has ever seen in the history of the earth; and over the next 100 years,
without substantial changes in the trajectory of energy technelogy or economic
development, we will see atmospheric CO; rise to more than 800 ppm, roughly
triple the pre-industrial level. Carbon dioxide is a greenhouse gas. Its presence in
planetary atmospheres causes warming of planetary surfaces; an extreme
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example is the COz-rich atmosphere of Venus, which is responsible for its
surface temperature in excess of 460 °C.

The question that confronts us now is how the rise of CO; on this planet will
aftect our climate, not over millions or even thousands of years but over decades
and centuries. We know that, coincident with the unprecedented rise in CO, over
the last century, we have seen a rise in global temperatures. We know from
Lonnie Thompson'’s work on tropical glaciers as well as many other studies that
this warming is not related to any natural cycle. But this does not address the
guestion of what will happen as CO; levels continue to rise. To answer this
question, climate scientists have constructed models that represent the best
understanding of the climate system from the last century of observations. These
models tell us that climate change in this century may be dramatic, and perhaps
even catastrophic. The models predict winners and losers for smaller magnitudes
of change, such as mild changes in temperature or precipitation, but nearly ali
societies will be adversely affected by the more extreme changes that are
possible including the collapse of one of the large polar ice sheets, or a large
decline in mountain snowmelt. Other predictions that would pose serious
challenges for societies include changes in the frequency and intensity of large
storms, changes in patterns of precipitation that could lead to more severe
droughts or extreme flooding, increases in peak temperatures that could
drastically reduce agricultural harvests, and also ecological changes that affect
ecosystems crucial to human society. In assessing future climate change for
policy makers, we tend to focus on the more extreme and more adverse
consequences not because we are unaware that there may be some beneficial
outcomes, but simply because global warming is like an insurance problem. We
need to understand the probability of the most undesirable outcomes to best
gauge what steps to take to avoid them.

It is important to understand that the climate models we use to predict the future
are not perfect — but this is not surprising as they are attempting to make
predictions about an atmospheric state that no human being has ever seen. They
remain an essential tool for exploring future scenarios, but we must also consider
evidence for climate change from the geologic past. This is the major area of my
research. | will not cover it today in much detail, but let me simply say that
lessons from earth history are surprisingly consistent, whether from warm
climates or cold, whether over millions of years or thousands. The data suggest
that our real climate system is likely to be more sensitive than the models, and
that there is a significant risk that future climate change will be more severe than
most models now predict.
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A second lesson from the study of past climates is that climate changes are not
always slow and steady, but can occur in decades or even years. For example,
the abrupt changes of as much as 35°F over less than a decade observed in
Greenland ice cores during the last glacial period, with smalier effects throughout
the Northern hemisphere, are spectacular examples of how quickly regional
climate can change. The mechanisms responsible for such changes during the
ice age probably required greater extent of land glaciers and sea ice than exist
today, and so are unlikely to be experienced in exactly the same way over the
next century. However, there are a number of possible mechanisms that can
lead to abrupt and irreversible change in the climate system and may be 'very
important over the next several decades. One is the response of glaciers on
Greenland and Antarctica to enhanced polar warming over the next century. We
do not know enough about glacial melting to be able to predict whether these ice
sheets will decay smoothly, or whether there is the possibility for very rapid
coliapse. Another potential tipping point is the roughty 500 billion tons of carbon
stored in permafrost in the tundra regions, particularly in Siberia. As those soils
warm, microbes release the carbon as greenhouse gases ~ either methane or
COs. Such a release would be a disaster if it happened quickly as it would
overwhelm any emission reduction program we might implement,

Another important point in assessing the risk of catastrophic climate change is
the large inertia in our climate system. CO. resides in the atmosphere and
surface ocean for centuries, only slowly taken up by the deep ocean. If we were
to reduce our emissions to zero immediately, it would take more than 200 years
for terrestrial and oceanic uptake of carbon to restore the atmosphere to its pre-
industrial condition. Even if we could stabilize CO, levels immediately, the
current atmosphere with more than 380 ppm may be too warm to allow the ice
sheets on Greenland or West Antarctica to survive. In addition, the oceans will
continue to warm for decades even if emissions were haited. Thus, there is great
inertia in the climate system, in the heat capacity of the oceans, in ice sheets,
and in the residence time of carbon dioxide in the atmosphere (and in the lifetime
of our energy infrastructure), ali of which make substantial climate change
inevitable. What this means is that we cannot wait until we actually see a
disaster before we work on a solution. By the time we know whether the most
extreme consequences of climate change will occur, it may well be too late to
stop them.

Two examples of predictions by the climate community are particularly poignant
in explaining how the scientific community tends to be conservative and also why



26

climate surprises will often be in the adverse direction, towards more rapid and
more extreme change. First, consider the sea ice distribution in the Arctic in
September of 2007. Previous studies, including the Intergovernmental Panel on
Climate Change (IPCC), predicted that the Arctic ice cap would disappear in the
summer towards the end of the century, certainly no earlier than 2050. Then, in
2007, there was a 20 percent decline in areal extent of sea ice beyond the
previous record (which was 2005). New studies predict that the Arctic may be ice
free as soon as the middle of the next decade, a milestone that would drastically
change the Arctic climate and enhance the melting of land ice on Greenland.
Even Arctic scientists who had watched the decline in the ice cap for 20 years
were amazed by such a rapid deterioration — and there are reasons why we now
expect this process to accelerate.

A second example of a conservative climate prediction is the IPCC’s discussion
of future sea level rise. Most of the 10 to 25 inches predicted under different
emissions scenarios results simply from the thermal expansion of seawater.
Only two inches over the century are attributed to melting of ice on Greenland,
despite the fact that the Greenland ice sheet would raise sea level by 23 feet if it
melted in its entirety. This projection is equivalent to saying that the Greenland
ice sheet will continue melting at exactly the same rate as it is melting today with
no change as the Earth continues to warm, a highly unlikely outcome. This
illustrates the basic problem with scientific assessments under such large
uncertainty. When pushed, the scientific community often falls back on an
answer that can be defended with confidence, even though it may not provide
policy makers with an accurate picture of the risk involved.

Why do scientists tend to be conservative in their assessment.of climate change?
A major reason is that the scientific method teaches us to be conservative, and to
state things only when we know them with high confidence, i.e., 95% confidence
intervals. This is in striking contrast to another approach to risk and uncertainty
in questions of national security — an approach called the “one percent doctrine”,
articuiated by former Vice President Cheney. In Cheney’s formulation, if the
probability of a high conseguence event such as a nuclear terrorist attack is only
one percent, then we shouid treat it as an absolute certainty and act accordingly.
To many, the Cheney doctrine is an extreme version of the precautionary
principle, and yet it underscores how climate change has been treated quite
differentiy than other matters of national and international security.

It is quite clear that climate change may have just as significant an effect on
national security as many other concerns more traditionally in the spotlight of the
security community. For example, one prediction of climate models — again,
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possibly on the conservative side — is that giobal warming will advance the timing
of summer snow melt from mountains that serve as natural reservoirs for many
parts of the world. In the western U.S., this could mean as much as 60 to 80
days earlier than today. Consider the agricultural capacity of California’s central
valley, which depends on rivers that drain the snowpack in the Sierra Nevada. If,
by the end of this century, these rivers run dry by mid-summer, instead of lasting
through the fall, then California agriculture as we know it today would be
impossible. But this would be mild compared with the impacts on major river
systems around the world. The great rivers that drain the Himalayas and Tibetan
plateau ~ the Indus, the Ganges, the Mekong, the Yangtze, and the Yellow — all
depend upon melting snow and ice for a large fraction of their water. Many of the
three billion people who depend on these rivers are already under water stress,
in part due to unsustainable practices of mining groundwater. How might the
decline of the Indus affect the political stability of Pakistan and the support for
Islamic terrorism? How will China and India deal with reduced water resources,
especially when each is suspicious of efforts by the other to control the critical
regions that represent the headwaters for their river systems? The risk of serious
water stress, not just in Asia but around the world, is well above a one percent
threshold for serious action, and illustrates how giobal warming poses an
enormous challenge to peace and stability around the world.

A final point | would like to make before this committee is that many steps to
mitigate climate change will also result in an increase in our national security. in
addition to their impact on the climate system, fossil fueis — in particular
petroleum and natural gas — represent a major cause of security concerns
around the world including the geopotitics of oil, funding our enemies, and the
strengthening influence that Russia has over Europe because of dependence on
natural gas imports. Most new technologies that can reduce carbon emissions
will also reduce our dependence on foreign sources of fossil fuels. Energy
efficiency is the most important strategy, as it will likely result in significant
savings to our economy. Investments in renewable energy sources in
appropriate locations, as well as carbon capture and storage for coal-fired power
plants and other large, stationary sources of CO; will reduce our need to import
greater amounts of liquid natural gas in the future. And our dependence on
foreign oil will only be reduced in the long run if we can develop clean, domestic
alternatives such as synthetic fuels produced from biomass and coal with carbon
sequestration. Through such steps, we can lead the rest of the world down a
path towards greater prosperity, stability and security. If we fail in this task, we
risk threatening the stability of our climate, our society, and our entire planet.
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Rate of mass change between April, 2002 - June, 2007.
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Mr. MARKEY. Thank you, Professor Schrag, very much.

Our second witness is General Gordon Sullivan, who is the Presi-
dent and Chief Operating Officer of the Association of the United
States Army, and a former chief of staff of the U.S. Army. He head-
ed the Military Advisory Board for the Center for Naval Analysis
Corporation’s report on national security and the threats of climate
change. We are honored to have you with us, General Sullivan.
Please proceed when you are ready to go.

STATEMENT OF GENERAL GORDON R. SULLIVAN (RET.),
PRESIDENT AND CHIEF OPERATING OFFICER, ASSOCIATION
OF THE UNITED STATES ARMY

General SULLIVAN. Thank you, Mr. Chairman and Ranking Mem-
ber.

Two years ago I appeared before the first meeting of the Select
Committee on Energy Independence and Global Warming in my ca-
pacity as the chairman of the Military Advisory Board for CNA re-
porting on national security and the threat of global climate
change. The advisory board consisted of three- and four-star flag
and general officers from all four services. Mr. Chairman, I request
that this report be once again entered for the record.

Mr. MARKEY. Without objection, so ordered.

[The information appears at the conclusion of the hearing.]

General SULLIVAN. Our charge was to learn as much as we could
in a relatively short period of time about the emerging phenomenon
of global climate change using our experience and expertise as mili-
tary leaders to process our learning through a national security
lens. In other words, we were asked, what are the national security
implications of global climate change.

In summary, what I reported at that time is the following. First,
global climate change is a serious threat to our national security.
Second, climate change will be what we call a threat multiplier. In
many areas of the world that will be hardest hit by climate change,
impacts are already being stressed by lack of water, lack of food
and political and social unrest. Global climate change will only
magnify those threats. Third, projected climate change will add to
tensions even in stable regions of the world, and lastly, climate
change, national security and energy dependence are a related set
of global challenges.

In the 2 years since I appeared before this committee, we have
seen no evidence to contradict those findings. In fact, we have only
seen the findings confirmed and reinforced.

In concurrence with one of our recommendations, a National In-
telligence Assessment on global climate change was conducted by
the National Intelligence Council. The NIA remains classified but
public accounts of the assessment suggest very strong agreement
with our findings. Since our report, the scientific community in-
cluding the Intergovernmental Panel on Climate Change has also
continued their important work in examining climate change. What
we have learned from their most recent work is that climate
change is occurring at a much faster pace than the scientists pre-
viously thought it could. The Arctic is a case in point. Two years
ago scientists were reporting as has been stated here twice already
that the Arctic would be free from ice within about 40 years. Now
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they are telling us that it will happen in a couple of years. As a
matter of fact, the northern part of the Bering Sea is now free of
ice. The acceleration of the changes in the Arctic is stunning.

The trends of climatological data and concrete evidence of change
continue to suggest the globe is changing in profound ways. I am
not a scientist, nor are most of my colleagues on the Military Advi-
sory Board. I would characterize us as military professionals accus-
tomed to making decisions during times with ambiguous informa-
tion with little concrete knowledge of the enemy intent. We base
our decision on trends, experience, and judgment. We know that
demanding 100 percent certainty during a crisis could be cata-
strophic and disastrous.

And so we ask, quo vadis? Where do we go? I ask it in Latin be-
cause I believe it is a very fundamental question for the United
States of America. Where we go will be a reflection of how we feel
about the world in which we live. I feel right now we are drifting—
excuse the metaphor—in uncharted waters. This is not the time to
wait for 100 percent certainty. The trends are not good.

What can guide us in choosing our path is up to you. I believe
there is a relationship between energy dependence, climate change,
economic revitalization, and our national security. These are deeply
related issues. When we consider investments in one, we must con-
sider the impact on the whole.

My personal view is that the United States of America is obliged
to play a leadership role in this area. Leadership by the United
States will be key. The best opportunity for us to demonstrate our
global leadership on this issue is in Copenhagen, and I do believe
we must take bold and swift steps even here at home to gain the
f)riedibility necessary to participate in those discussions with credi-

ility.

We must show leadership in developing energy alternatives that
reduce our need for fossil fuels.

Thank you, Mr. Chairman.

[The prepared statement of Gen. Sullivan follows:]

STATEMENT OF GENERAL GORDON R. SULLIVAN, USA (RET.)

Chairman Markey, members of the Committee, thank you for the invitation to
offer my testimony today. My last duty position was as Army Chief of Staff. I retired
from active service in 1995 and am now the President of the Association of the
United States Army.

Two years ago, I appeared at the first meeting of the Select Committee on Energy
Independence and Global Warming in my capacity as Chairman of the Military Ad-
visory Board to the CNA report on “National Security and the Threat of Climate
Change.” The Military Advisory Board consisted of 3- and 4- star flag and general
officers from all four Services. Mr. Chairman, I request that this report be entered
for the record.

Our charge was to learn as much as we could in a relatively short period about
the emerging phenomenon of global climate change using our experience as military
leaders to process our learning through a National Security lens. In other words,
what are the national security implications of climate change?

In summary, what I reported then was that:

o First, climate change is a serious threat to our national security.

e Second, climate change will be what we called a “threat multiplier”. Many areas
of the world that will be the hardest hit by climate change impacts are already
being stressed by lack of water, lack of food, and political and social unrest. Adding
climate change to this mix will only serve to exacerbate the existing instabilities.

0’11‘511rd, projected climate change will add to tensions even in stable regions of the
world.
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e And fourth, that climate change, national security and energy dependence are
a related set of global challenges.

In the 2 years since I appeared before the Committee, we’ve seen no evidence to
contradict those findings. In fact, we’ve only seen them reinforced.

In concurrence with one of our recommendations, a National Intelligence Assess-
ment on global climate change was conducted by the National Intelligence Council.
The NIA remains classified, but public accounts of the assessment suggest very
strong agreement with our findings.

Since our report, the scientific community, including the Intergovernmental Panel
on Climate Change, has also continued their important work in examining climate
change. What we have learned from their most recent work is that climate change
is occurring at a much faster pace than the scientists previously thought it could.
The Arctic is a case-in-point. Two years ago, scientists were reporting that the Arc-
tic could be ice-free by 2040. Now, the scientists are telling us that it could happen
within just a few years. The acceleration of the changes in the Arctic is stunning.

The trends of climatological data and concrete evidence of change continue to sug-
gest the globe is changing in profound ways. I am not a scientist, nor are most of
my colleagues on the Military Advisory Board. I would categorize us as military pro-
fessionals accustomed to making decisions during times of uncertainty. We were
trained to make decisions in situations defined by ambiguous information and little
concrete knowledge of the enemy intent. We based our decisions on trends, experi-
ence, and judgment. We know that demanding 100% certainty during a crisis could
be disastrous.

And so we ask: Quo vadis? Where do we go? I ask it in Latin because I mean
to imply that it’s a fundamental question. Where we go will be a reflection of our
values. Right now, we are drifting off into uncharted waters. This is not the time
to either wait for 100% certainty or simply hope our environment is not changing.

What can guide us in choosing our path is an understanding of the interrelated
nature of these issues. Energy dependence. Climate change. Economic Revitaliza-
tion. National Security. These are deeply related issues. As we consider investments
in one, we must consider their impact on the whole.

My personal view is that the US is obliged to play a leadership role: Leadership
by the US is key. The best opportunity for the US to demonstrate our global leader-
ship is in Copenhagen, but I do believe we must take bold and swift steps here at
home if we’re to have the credibility necessary to lead in those important negotia-
tions.

We must also show leadership on developing energy alternatives that reduce our
reliance on fossil fuels from unstable regions of the world, reduce our energy con-
sumption, and improve our nation’s energy posture. That is the subject of the Mili-
tary Advisory Board’s next report on energy security and America’s defense. I am
hopeful that this report, which we will release soon, will make an important con-
tribution to the national effort to retool America by advancing low carbon energy
solutions that improve our nation’s energy and national security posture.

I'll close with another reminder of something I said two years ago. I reflected on
decades of service - working along side many great public servants who worked hard
and risked their lives to protect our country. And I had begun to see that our coun-
try is now being threatened by a different kind of enemy. I'm here today as a retired
military leader, making a case for you to consider climate change and energy de-
pendence as national security threats. But I don’t want to skate past this last point.
What this country looks like, what it feels like to live here, will also be changed.
Tapping sugar maples in New England winters. Fishing off the Cape. Those were
images I held close when stationed overseas. Those images were important to a sol-
ider. I hope they’re important to Members of Congress.

Mr. MARKEY. We thank you, General.

Our next witness is Mr. James Woolsey. Mr. Woolsey is a ven-
ture partner with VantagePoint Venture Partners in San Bruno,
California, and serves on the National Commission on Energy Pol-
icy. He is also a senior executive advisor for Booz Allen Hamilton.
He has served presidential appointments in both Democrat and Re-
publican administrations, most recently as Director of the Central
Intelligence Agency. Thank you, Mr. Woolsey, for being with us
here today. Whenever you are ready, please begin.
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Mr. WoOLSEY. Thank you, Mr. Chairman. It is an honor to be
with you.

The subject of the hearing suggests that energy in the current
environment needs to be secure, needs to be clean, and needs to be
affordable, and in moving in that direction, we have to keep in
mind, I think, two different types of threats to our security. One
is what a colleague of mine calls malevolent as distinguished from
malignant. A malevolent threat is one that someone plans, and
with respect to our energy infrastructure, probably the two most
dangerous are dependence on oil from the Middle East and the re-
sults of four funding both sides of the War on Terror and on and
on, a set of issues I don’t need to go into detail with this committee.

But the electricity grid is another extraordinarily vulnerable part
of our system. A National Academy of Sciences study of 2002,
which I participated in, said simultaneous attacks on a few critical
components of the grid could result in a widespread and extended
blackout. Conceivably, they could also cause the grid to collapse
with cascading failure in equipment far from the attacks, leading
to an even larger long-term blackout, and may I say, Mr. Chair-
man, if we had a serious attack on the grid either by way of cyber
attacks or by way of physical attacks, and we lost a chunk of it,
we are not back in the 1970s in the pre-Internet Web days; we are
back in the 1870s in the pre-electricity era. That set of issues has
not been successfully addressed in the last 7 years since we wrote
for the National Academy of Sciences.

If we look at malignant threats, threats no one is trying to create
but which come about because of the complexity of systems, there
are a number, and one, I think, of the most serious is certainly cli-
mate change. That issue is dealt with in pages 2 through 9 of the
attached chapter of the book which the staff has kindly allowed me
to attach to my testimony, and I will simply say that I believe Pro-
fessor Schrag summarized those issues extremely well. We have a
habit from the non-scientific community of looking at change as if
it is linear, whereas, in fact, some of the most troubling changes
can be exponential and particularly in this climate area, it is dif-
ficult for us to get our minds around it.

The other is that we don’t need to believe that all of climate
change is anthropogenic, is caused by human beings, in order to be-
lieve that it is a serious problem. The world may well be in the
middle of a several-thousand-year warming trend now for historic
reasons. The world’s climate has changed many times. But we are
certainly doing something quite serious to it by doubling, tripling
and more than tripling the amount of CO2 in the atmosphere. I
think that one needs to keep in mind that one needs to remember
both these malignant and these malevolent problems as one makes
progress. We don’t want, for example, to deal with climate change
in a way that enhances the vulnerability of the electricity grid.

As a device to illustrate this, the last seven pages or so of the
attached chapter of mine is a dialog between a tree hugger and a
hawk. My tree hugger is the ghost of John Muir and my hawk is
the ghost of George S. Patton. Muir is concerned only about carbon.
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Patton is concerned only about terrorism. What they keep finding
is that on many proposals they are able to agree on what to do
even though they are not doing it for the same reasons. For exam-
ple, energy efficiency in buildings, so look at what Walmart has
been able to do. Patton and Muir agree on that. Combined heat and
power, generating huge amounts of electricity from waste heat—
Denmark gets a third of its electricity from waste heat. We get a
tiny percent, just because of policies by the public utility commis-
sions. Patton and Muir agree on that. Distributed generation en-
couraged by such steps as the German feed-in tariff, which Con-
gressman Inslee and others are working on here, can help us move
toward renewables substantially. Decoupling revenues from earn-
ings for electric utilities, as California did 20-plus years ago and a
few States have followed since, can add a substantial set of incen-
tives toward energy efficiency. Moving toward flexible fuel vehicles,
as Congressman Engel has suggested, as Brazil has done, making
the fuels out of cellulosic and waste feedstocks and to some extent
turning toward electricity as in plug-in hybrids and electric vehi-
cles, all of these matters, Patton and Muir in my construct find
great common cause in. Interestingly enough, Muir is more open to
adding large power plants either from renewables or from coal with
carbon capture and sequestration, assuming it is successful, or
from nuclear than is Patton because Patton says I don’t want to
add to the electricity grid. He says the electricity grid is much more
vulnerable than the Maginot Line. The Maginot Line could at least
be defended from one direction. The way we are going about it now,
the grid can’t be defended at all.
Thank you, Mr. Chairman.
[The prepared statement of Mr. Woolsey follows:]
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Mr. Chairman and members of the Commiittee, it is an honor to testify
before you today on these important issues. After discussing it with the
Committee’s staff I have attached to this short statement as a fuller
treatment of the issues a chapter that I contributed to a book published a
few months ago by the Brookings Institution on climate change and
national security, since it deals directly with these matters. By way of
identification, I am currently a venture partner in the California Venture
Capital firm, VantagePoint, and also the Annenberg Distinguished Fellow
at Stanford University’s Hoover Institution. In both of these capacities I
work on issues related to renewable energy and energy security. Earlier I
practiced law in Washington for 22 years, was a consultant for five,
dealing principally with energy issues, and served in the U.5. Government
on five occasions for twelve years, all in fields related to national security.
I have held Presidential appointments four times, twice in Democratic and
twice in Republican administrations.

The title of these hearings suggests, I think accurately, that as we decide
on our energy policies, and other policies that can affect the biosphere and
the climate, we must keep in mind that energy needs to be as secure,
clean, and affordable as possible. If we ignore any of these criteria the
problem may seem to get much easier to solve — we could have all our
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energy come from secure domestic sources, for example, if we don’t care
how dirty or expensive they are — but we would not be serving the public
to the degree we should.

With respect to security, my former colleague, Rachel Kleinfeld, once
suggested a distinction that I find very useful - that between malevolent
and malignant threats. We must deal with both. Malevolent threats are
those that are the product of human choice - the choice that terrorists
might make to attack our electricity grid or oil production facilities in the
Middle East, the choice that the government of Iran makes to use its oil
revenues to develop nuclear weapons, the choice the government of Saudi
Arabia makes to give billions of dollars of oil revenues to the Wahhabi
sect which in turn uses them, inter alia, to disseminate extraordinarily
hate-filled educational materials all over the world, including in the U.S.

Malignant threats, on the other hand, are those that are associated with
the collapse of a complex system - the electric grid, a human body, the
globe’s climate — when it is unintentionally disturbed in some way. No
one was trying to cause a power outage for 50 million people when a tree
branch touched a power line in Cleveland in August of 2003, and we are
not trying to raise sea levels to a damaging degree during the lives of our
grandchildren by continuing to operate coal-fired power plants and
gasoline-fueled SUVs. Yet we may well be doing so.

Mr. Chairman, I realize there is not unanimity in the Congress on the
issue of whether human activity - the destruction of rainforests, the
burning of fossil fuels - contributes significantly to climate change. I
believe that it does, but not that human activity is the sole contributor to
such change. I think it is important for us to recognize a number of
aspects of this subject, spelled out in more detail in the attached chapter.

First, not all change is linear nor is it dealt with readily by
mathematical models. Tipping points and exponential change occur in
climate as well as other aspects of nature. For example, about 125,000
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years ago, between the last two ice ages, the earth was only, on average,
about one degree centigrade warmer than it is today but sea levels were
about five meters higher. A sea level rise of five meters would be an
almost unimaginable catastrophe for humanity.

Second, it is not necessary to believe that all climate change is caused
by humans to believe that we may negatively affect the situation by our
behavior. Even if the earth is in a warming trend due to natural causes we
can make the problem worse by doubling or tripling the amount of CO2 ir
the atmosphere. If an individual is genetically inclined to have lung
cancer it is still not wise for him to decide to smoke five packs a day.

Finally, if we concentrate on cost and security as well as the
environment we may find that technology and a willingness to work
together is offering us some opportunities to improve all three. The last
third of the attached chapter is an invented dialogue between a tree
hugger and a hawk, trying to come up with an energy policy for the U.S.
My imagined tree hugger is the ghost of John Muir ~ the father of the
national park system and the environmental movement ~ and my hawk is
the ghost of George S. Patton, Third Army Commander in WW II. Muir is
only concerned with carbon and Patton only with terrorism. Yet they find
much to agree on once they focus on practical steps to improve both
security and the environment, while keeping cost in mind. I might
suggest, Mr. Chairman, that their spirit of practical cooperation could
suggest some useful paths for us to pursue.
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A Partnership Deal:
Malevolent and Malignant Threats

R. JAMES WoOLSEY

[There is] a tendency in our planning to confuse the unfamiliar with

the improbable. The contingency we have not considered looks strange;

what looks strange is therefore improbable; what seems improbable
need not be considered seriously.

—Thomas C. Schelling, foreword, Pear! Harbor:

Warning and Decision (1962)

Year after year the worriers and fretters would come to me with awful

predictions of the outbreak of war. I denied it each time. I was only
wrong twice.

—Senior British intelligence official, retiring in 1950 after

forty-seven years of service, quoted in Amory Lovins and

Hunter Lovins, Brittle Power: Energy Strategy for National Security

T’he first two scenarios in this exercise dealt generally with climate change,
the role of greenhouse gas emissions therein, and the regional consequences
of smaller but substantial changes—up to a temperature rise of 2.6°C
(4.7°F) and sea level rise of approximately half a meter (1.6 feet) in a
thirty-year period. The third scenario discussed catastrophic change where
aggregate global temperature increased by 5.6°C (10.1°F) by the end of
the century, accompanied by a dramatic rise in global sea levels of 2 meters
(6.6 feet) in the same time period. We might call climate change a “malig-
nant,” as distinct from a “malevolent,” problem—a problem of the sort

169
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Einstein once characterized as sophisticated (raffiniert) but, being derived
from nature, not driven by an evil-intentioned (boshaft) adversary.

Sophisticated malignant problems can still be awesomely challenging. For
example, because complex systems can magnify even minor disturbances in
unpredictable ways—the so-called butterfly effect—a tree branch touching
some power lines in Ohio during a storm can produce a grid collapse. In 2003
such a tree branch—power line connection deprived the northeastern United
States and eastern Canada of electricity for some days. Similarly, our pur-
chases today of gas-guzzling SUVs can contribute to sinking portions of
Bangladesh and Florida beneath the waves some decades hence. With respect
to climate change three factors should lead a prudent individual to consider
such catastrophic change plausible: first, the possibility that some positive
feedback loops could radically accelerate climate change well beyond what
the climate models currently predict; second, the prospect of accelerated
emissions of carbon dioxide (CO,) in the near future due to substantial eco-
nomic and population growth, particularly in developing countries such as
China; and third, the interactive effects between these two phenomena and
our increasingly integrated and fragile just-in-time—but certainly not just-
in-case—globalized economy.

Exponential Change and Scenario Planning

The possibility of catastrophic exponential change necessitates a unique
approach. This is because few human beings naturally think in terms of
the possibility of the exponential changes, We humans generally have what
the inventor and futurist Ray Kurzweil calls an “intuitive linear” view of
phenomena rather than a “historical exponential” view. In The Singularity
Is Near, he uses the example of a property owner with a pond who fre-
quently cdleans out small numbers of lily pads. Then, with the pads covering
only 1 percent of the pond, the owner goes away, but he returns weeks later
to find it covered with lily pads and the fish dead.! The owner, because the
human mind thinks linearly, forgot that lily pads reproduce exponentially.
When change is exponential we often have great difficulty comprehending
it, whether it is manifested in lily pad growth or climatological tipping
points. A related difficulty is that the adaptability of human society itself is
difficult to predict in the presence of great and continuing catastrophe. The
conflicts over land, migrating populations, or resources described elsewhere
in this study might well be overshadowed in such a case by broader societal
collapse.

Copyright 2008, the Brookings Institution. All rights reserved.
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Massively Destructive Terrorism

Another growing threat also holds out the possibility of massive damage and
loss of life in this century: religiously rooted terrorism. The scope of death
and destruction sought by the perpetrators of this sort of terrorism is also
something most people find difficult to envision. This chapter later discusses
terrorism (a “malevolent” rather than a “malignant” problem such as climate
change) because of a somewhat surprising confluence: the aspects of our
energy systems that help create the risk of climate change also create vul-
nerabilities that terrorists bent on massive destruction are likely to target. We
need to be alert to the possibility that although our current circumstances
are doubly dangerous, this confluence could give us an opportunity to
design a set of changes in our energy systems that will help us deal with both
problems.

Positive Feedback Loops and Tipping Points

The climate models agreed upon by the Intergovernmental Panel on Climate
Change (IPCC) deal with some, but by no means all, of the warming effects
of emissions that can occur as a result of positive feedback loops. This is
because climatologists, as scientists, are given to producing testable hypo-
theses and there are often not enough data to satisfy that requirement for a
number of the feedback loop issues. But a number of climatologists have
nevertheless assessed the data and offered judgments about the importance of
possible feedback effects, even in this century. NASA's James Hansen puts it
succinctly: “I'm a modeler, too, but I rate data higher than models.™ Positive
feedback loops can relatively quickly accelerate climate change to the tipping
point, at which it becomes impossible to reverse destructive trends, even with
future reductions of greenhouse gas emissions from human activities. Several
such positive feedback loops are conceivable in this century, such as the risk
that freshwater from melting Greenland glaciers would slow the North
Atlantic meridional overturning circulation, changing ocean currents and
attenuating the Gulf Stream’s ability to warm Europe.

Polar Regions

Tipping points at which there might be irreversible thawing of Arctic per-
mafrost or the melting and breakup of the West Antarctic and the Greenland
ice sheets have such stunning implications they deserve particular attention.
Somewhere around a million square miles of northern tundra are underlain

Copyright 2008, the Brookings Institution. All rights reserved.
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by frozen permafrost containing about 950 billion tons of carbon—more
than currently resides in the atmosphere.? If the permafrost were to thaw,
much of this carbon would quickly convert to methane gas. At about one
million tons annually, the increase in atmospheric methane content is much
smaller than the increase in CO, content, which weighs in at about 15 billion
tons per year.* However, a ton of methane affects climate twenty-five times
more powerfully than a ton of CO, over a 100-year time horizon.’ As a result,
it would take only 600 million tons of methane to equal the global warming
effect of 15 billion tons of CO,, If this seems like an implausibly large increase
in methane emissions, consider that it equates to only one-half of one-tenth
of 1 percent of the organic carbon currently preserved in the permafrost (not
to mention much larger amounts of frozen methane stored in shallow marine
sediments). Therefore, if the permafrost begins to thaw quickly due to the ini-
tial linear warming trend we are experiencing today, the climate impact of
methane emissions could come to rival that of CO, in future decades. Con-
sequent accelerated warming and faster thaw leading to more methane emis-
sions could produce a tipping point beyond which humans no longer control
the addition of excess greenhouse gases to the atmosphere, and no options
remain under our control] for cooling the climate. We don’t know the exact
point at which this vicious circle would begin, but there are some indications
that a substantial permafrost thaw is already under way.*

Because of methane’s potency its release could provide a substantial short-
term kick to climate change. Such release over a few decades could raise world-
wide temperatures by 5 to 6°C (9 to 10.8°F) or more,” to the approximate level
of temperature increase posited for the third scenario in this study. Another
potential feedback loop lurks in the prospect of melting—and sliding—ice
sheets in Greenland and West Antarctica. Around 125,000 years ago, at the
warmest point between the last two ice ages, global sea level was 4 to 6 meters
{about 13 to 20 feet) higher than it is today and global temperature was only
about 1°C (1.8°F) higher.® Being warmer than Antarctica, Greenland probably
provided the initial slug of meltwater to the ocean. However, much of the ice
of western Antarctica rests on bedrock far below sea level, making it less stable
as sea level rises.” When the ice sheet is lubricated by melting where it is
grounded, it begins to float and can cause coastal ice shelves to shatter, increas-
ing the rate of ice stream flow into the ocean (ice stream is a region of an ice
sheet that moves significantly faster than the surrounding ice)." As a result of
this action, the West Antarctic Ice Sheet contributed perhaps 2 meters (6 or 7
feet) of the additional sea level 125,000 years ago.

With just 1°C (1.8°F) of warming, therefore, we may be locked into about
4 to 6 meters (13 to 20 feet) of sea level rise.!” James Hansen points out that
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it is not irrational to worry about reaching this tipping point in this century.
This study’s catastrophic scenario assumes 5 to 6°C (9 to 10.8°F) of warming,
which is significantly warmer than conditions 3 million years ago, before the
ice ages. At that time, the Earth was 2 to 3°C (3.6 to 5.4°F) warmer and sea
level was about 25 meters (82 feet) higher than today."? Although the time
required for that much sea level rise to occur is probably more than 1,000
years, the third scenario, with 2 meters (6.6 feet) of sea level rise by the end of
this century, appears quite plausible.”

Economic Development

Robert Zubrin, the author of Energy Victory: Winning the War on Terror by
Breaking Free of Oil, who is something of a climate change skeptic, suggests a
simple thought experiment to illustrate the power of economic growth to
affect climate change—a process that could create a climatic tipping point
sooner rather than later. The world today has achieved an average GDP per
capita comparable to U.S. GDP per capita at the beginning of the twentieth
century (about $5,000 in today’s dollars).™* In the twentieth century, world
population quadrupled and world economic growth averaged 3.6 percent
annually.’s Even if we assume slower population growth, say a doubling of
world population in the twenty-first century, and also a lower growth rate of
2.4 percent—the latter producing a fivefold increase in GDP per capita—
unless fuel use per unit of GDP changes substantially, we would see a tenfold
increase in CO, emissions by century’s end. This prospect leads even a climate
change skeptic such as Zubrin to imagine an extraordinary scenario in which
presumably all known and some unknown feedback loops become activated
and thus it “only tak[es] a few decades to reach Eocene carbon dioxide atmo-
spheric concentrations of 2,000 ppm”—and certain catastrophe.

To take only one example of the impact of vigorous economic develop-
ment on CO, emissions, China is building approximately one large coal-fired
power plant per week for the foreseeable future. Rapidly growing developing
countries are expected to account for an overwhelming 85 percent of energy-
demand growth between 2008 and 2020. China alone represents a third of
total growth.”

Sea Level Rise and Challenges to Existing Infrastructure

The 2007 IPCC Working Group I Contribution to the Fourth Assessment Report
points out that the prospect of climate change and sea level rise coming to a
tipping point is particularly troubling because once such a point has been
passed, sea level rise will probably continue for centuries.'® For this reason,
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James Hansen considers sea level rise as “the big global issue” that will tran-
scend all others in the coming century.® Even if the East Antarctic Ice Sheet
is not destabilized, the steady melting of the Greenland Ice Sheet together
with the perhaps sudden melting of the West Antarctic Ice Sheet holds the
potential for some 12 meters (40 feet) of sea level rise.”® The melting of the
East Antarctic shelf would add approximately 25 meters (80 feet); this would
mark, in the Antarctic research scholar Peter Barrett’s words, “the end of civ-
ilization as we know it.” Even without a melting of the East Antarctic shelf,
civilization would be experiencing an inexorable encroachment of seawater
over decades and centuries.

Moreover, humanity would have to face the coastal inundation and related
destruction while dealing with substantial disruption of agriculture and food
supplies, and resulting economic deprivation, due to changing availability of
water—some places more arid, some wetter—and a much smaller percentage
of available water would be fresh,

Coastal Regions

The catastrophic scenario outlined in chapter 6 listed among the regions
in the developed world facing the likely prospect of inundation by the end of
the century: major portions of cities and wide regions of the U.S. coast from
South Texas to West Florida and from East Florida to New York; extensive areas
bordering the Chesapeake Bay and most of South Florida and eastern North
Carolina; the lower Hudson River Valley; huge shares of the coasts of San Fran-
cisco Bay; much of Sydney and all of Darwin, Australia; a large share of Japan-
ese ports; Venice and a major share of coastal Tuscany; the majority of the
Netherlands; much of Dublin; a major share of Copenhagen; and the Thames
River Valley and the eastern and southern coasts of England.? Storm surges
would affect people much farther inland and on more elevated coastlines.

Even without considering storm surge, sea level rise in the range of
2 meters {6.6 feet) in this century could have a potentially catastrophic effect
on a number of developing countries. According to a February 2007 World
Bank policy research working paper, these include particularly Egypt, Viet-
nam, and the Bahamas and a number of other island nations. It could also
have “very large” effects on a number of other states, including China and
India. Considering all factors—land area, urban area, population, and so
forth—the most affected countries, in addition to those just cited, would be
Guyana, Surinam, and Mauritania. Substantial impacts would also occur in
Gambia, Liberia, Senegal, Guinea, Thailand, Burma, Indonesia, Taiwan,
Bangladesh, and Sri Lanka.
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A 2-meter (6.6-foot) rise in sea levels—together with changed climate,
agricultural disruptions and famines, the spread of disease, water scarcity,
and severe storm damage—will not occur in a world that is otherwise sus-
tainable and resilient. Many areas are already destabilized. In the Philippines,
for example, sea level rise would add to a problem already created by exces-
sive groundwater extraction, which is lowering the land annually by fractions
of an inch in some spots to more than a tenth of a meter (3 or 4 inches) annu-
ally.> The Mississippi Delta has a similar problem with land subsidence.
Some of the land south of New Orleans will likely lose about 1 meter (3 feet)
of elevation by the end of this century as a result of subsidence.** Thus, about
6 feet (about 2 meters) of sea level rise by the end of the century may well be
additive to the substantial lowering of land levels in some areas by such
groundwater extraction. And the concentration of population in low-lying
areas of course exacerbates the effect of these changes.

Meltwater runoff from mountain glaciers also supplies agricultural and
drinking water as well as electricity from hydropower. More than 100 million
people in South America and 1 billion to 2 billion in Asia rely on glacial
runoff for all or part of their freshwater supply. As these glaciers shrink and
produce less meltwater they will contribute substantially to the need to emi-
grate in search of water and arable land. The relevant glaciers are retreating
rapidly and some are already virtually gone. This problem is likely to peak
within mere decades.”

Potential National Security Consequences of Climate Change

In a world that sees a 2-meter (6.6-foot) sea level rise with continued flood-
ing ahead, it will take extraordinary effort for the United States, or indeed
any country, to look beyond its own salvation. All of the ways in which
human beings have responded to natural disasters in the past, which John R.
McNeill describes in chapter 2, could come together in one conflagration:
rage at government’s inability to deal with the abrupt and unpredictable
crises; religious fervor and perhaps even a dramatic rise in millennial end-
of-days cults; hostility and violence toward migrants and minority groups, at
a time of demographic change and increased global migration; and intra-
and interstate conflict over resources, particularly food and freshwater.
Altruism and generosity would likely be blunted. In a world with mil-
lions of people migrating out of coastal areas and ports across the globe, it
will be extremely difficult, perhaps impossible, for the United States to repli-
cate the kind of professional and generous assistance provided to Indonesia
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following the 2004 tsunami. Even overseas deployments in response to clear
military needs may prove very difficult. Nuclear-powered aircraft carriers
and submarines might be able to deploy, but aviation fuel or fuel for destroy-
ers and other non-nuclear ships could be unobtainable. Overseas air bases
would doubtless be tangled in climatic chaos, and aircraft fuel availability
overseas highly uncertain. Further, the Navy is likely to be principally
involved in finding ways to base, operate, overhaul, and construct ships, as
many ports and harbors south of New York on the East Coast and overseas
disappear or become usable only with massive expenditures for protection
from the rise in sea levels. Civilians will likely flee coastal regions around the
world, including in the United States. The U.S. military’s worldwide reach
could be reduced substantially by logistics and the demand of missions near
our shores.

Population Changes and Migrations

If Americans have difficulty reaching a reasonable compromise on immigra-
tion legislation today, consider what such a debate would be like if we were
struggling to resettle millions of our own citizens—driven by high water from
the Gulf of Mexico, South Florida, and much of the East Coast reaching
nearly to New England—even as we witnessed the northward migration of
large populations from Latin America and the Caribbean. Such migration
will likely be one of the Western Hemisphere’s early social consequences of
climate change and sea level rise of these orders of magnitude. Issues deriv-
ing from inundation of a large portion of our own territory, together with
migration toward our borders by millions of our hungry and thirsty south-
ern neighbors, are likely to dominate U.S. security and humanitarian con-
cerns. Globally as well, populations will migrate from increasingly hot and
dry climates to more temperate ones.

On the other hand, extrapolating from current demographic trends, we
estimate that there will be fewer than 100 million Russians by 2050, nearly a
third of whom will be Muslims. Even a Europe made colder by the degrading
of the Gulf Stream may experience substantially increased levels of immigra-
tion from south of the Mediterranean, both from sub-Saharan Africa and
from the Arab world. Many of Europe’s Muslim minorities, including Rus-
sia’s, are not well assimilated today, and the stress of major climate change
and sea level rise may well foster social disruption and radicalization. Russia
and Europe may be destabilized, shifting the global balance of power.

Northern Eurasian stability could also be substantially affected by China’s
need to resettle many tens, even hundreds, of millions from its flooding
southern coasts. China has never recognized many of the Czarist appropria-
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tions of north Central Asia, and Siberia may be more agriculturally productive
after a 5 to 6°C (9 to 10.8°F) rise in temperatures, adding another attractive
feature to a region rich in oil, gas, and minerals. A small Russian population
might have substantial difficulty preventing China from asserting control
over much of Siberia and the Russian Far East. The probability of conflict
between two destabilized nuclear powers would seem high.

Energy Infrastructure

Interactions between climate change and the existing infrastructure could
create major failures in the systems that support modern civilization. All
other systems—from operating telecommunications to distributing food,
pumping water, and more—depend on energy. Yet energy systems themselves
are vulnerable. Hydroelectric electricity generation may be substantially
affected by reduced glacial runoff or by upstream nations diverting rivers in
some parts of the world. Nuclear power plant cooling may be limited by
reduced water availability. Increased numbers and intensity of storms could
interfere with long-distance electricity transmission, already heavily stressed
in the United States and elsewhere.

Sea level rise and chaotic weather patterns may interfere with oil produc-
tion in a number of locations, particularly from sea-based platforms and in
parts of the Middle East, and with the operation of large oil tankers. Many
U.S. oil refineries are in the Gulf Coast region and thus more vulnerable to
disruption by storms than if they were located elsewhere. Hurricane Katrina
came very close to shutting down the Colonial Pipeline, the major link from
the Gulf Coast to the Eastern Seaboard. In short, the pressures on U.S. soci-
ety and the world would be significant, and the international community’s
ability to relieve those pressures seriously compromised. The abrupt, un-
predictable, and relentless nature of the challenges will likely produce a per-
vasive sense of hopelessness.

A Malevelent Threat: Mass Terrorism

Our society, our way of life, and our liberty face serious current challenges
beyond the infrastructure fragility exacerbated by climate change. The most
salient is attack by terrorist groups or an enemy state, or a combination
thereof, aimed at massive damage and massive casualties. These are not
unintentional “malignant” results of our habitual behavior but are rather
“malevolent” and planned carefully by those who want to do far more than
many terrorist groups in the past: namely, to destroy our entire civilization
and way of life.
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Oil presents a panoply of opportunities for highly destructive terror-
ism. Our transportation is fueled over 96 percent by petroleum products.
Consequently oil has a transportation monopoly in much the same way that,
until around the end of the nineteenth century, salt had a monopoly on the
preservation of meat. Oil’'s monopoly creates a litany of vulnerabilities for
our society.

Since around two-thirds of the world’s proven reserves of conventionally
produced oil are in the Persian Gulf region, together with much of oil’s inter-
national infrastructure, the world’s supplies are vulnerable to terrorist attacks
such as two already attempted by al Qaeda in Saudi Arabia and emphasized
in al Qaeda’s doctrine. Some oil states’ governments (Iran) are quite hostile
today; others (Saudi Arabia) could become so with a change of ruler. A
nuclear arms race appears to be beginning between Iran and six Sunni states
that have announced nuclear programs “for electricity generation.” The
United States borrows more than a billion dollars a day at today’s prices to
import oil, substantially weakening the dollar. The Wahhabi sect of Saudi
Arabia profits massively from oil income and, according to Lawrence Wright
in The Looming Tower: Al-Qaeda and the Road to 9/11, covers “90 percent
of the expenses of the entire faith, overriding other traditions of Islam.?¢
Wahhabi teachings are murderous with respect to Shi’ite Muslims, Jews,
homosexuals, and apostates; are hideously repressive of women; and are mir-
rored by the views of al Qaeda and similar groups except with respect to their
allegiance to the Saudi state. And finally, as Bernard Lewis puts it, “There
should be no taxation without representation but it should also be noted that
there is no representation without taxation.” Extremely wealthy oil-exporting
states are thus often dictatorships and autocratic kingdoms without institu-
tions that check and balance the ruler.

The other major energy sector of our economy, electricity generation and
distribution, is also highly vulnerable to attack by terrorists and rogue states.
In 2002 the National Research Council published its report on the use of sci-
ence and technology to combat terrorism. It stated: “The most insidious and
economically harmful attack would be one that exploits the vulnerabilities of
an integrated electric power grid. ‘A chain is only as strong as its weakest link’
applies here, Simultaneous attacks on a few critical components of the grid
could result in a widespread and extended blackout. Conceivably, they could
also cause the grid to collapse, with cascading failures in equipment far from
the attacks, leading to an even larger long-term blackout.””

As of 2008 very little has been done to implement the council’s seventeen
detailed recommendations to deal with this, particularly with regard to
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improving the security of, or even stockpiling spares for, the large transform-
ers at grid substations or effectively protecting the grid’s Supervisory Control
and Data Acquisition (SCADA) control systems from destructive hacking.
Additionally, the electricity grid has a major vulnerability to an electromag-
netic pulse (EMP). In 1962 both Soviet and American atmospheric nuclear
tests revealed a troubling phenomenon: three types of electromagnetic pulses
generated at high altitude by nuclear detonations could seriously damage or
destroy electronic and electrical systems at as much as 1,610 kilometers
(1,000 miles) from the blast. The 2004 report of the U.S. Electromagnetic
Pulse Commission pointed out that the detonation of a single nuclear war-
head between 40 and 400 kilometers (25 and 250 miles) above the Earth
could cause “unprecedented cascading failures of our major infrastructures,”
primarily “through our electric power infrastructure” crippling “telecommu-
nications . . . the financial system . . . means of getting food, water, and med-
ical care to the citizenry . .. trade . . . and production of goods and services.”
The commission noted that states such as North Korea and Iran, possibly
working through terrorist groups, might not be deterred from attack (say
using a relatively small ship carrying a simple SCUD missile) in the same way
as were our adversaries in the cold war.?

The commission concluded that detonation of a single nuclear warhead
at these altitudes could “encompass and degrade at least 70 percent of the
Nation’s electrical service, all in one instant.” It also notes that, as a result of
fire safety and environmental concerns, locally stored fuel for emergency
power supplies such as diesel for generators is often limited to about a
seventy-two hours’ supply.”® Food available in supermarkets generally sup-
plies about one to three days of requirements for customers, and regional
food warehouses usually stock enough for a multicounty area to last about
one month.”

Toward a Partnership to Deal with Both Malignant
and Malevolent Threats

These malignant and malevolent risks seem to stem from very different
causes—and different kinds of people, with different backgrounds, tend to
look at them separately. This cultural separation-—analogous in some ways to
C. P. Snow’s famous description some decades ago of the intellectual world’s
division into the two cultures of literature and science—hinders cooperative
action. For the issues at hand, let’s cail this a division between the tree-hugger
culture, focused on carbon, and the hawk culture, focused on terrorism.
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Both the malignant and malevolent problems described here are extra-
ordinarily grave, and much too urgent to await a lengthy debate between
the two cultures about how intensely we should believe that each risk
will become manifest. This is especially true because, as suggested below,
the steps needed to contend successfully against both types of problems
appear to have a great deal in common, at least in the important field of
energy.

A hawk who is steeped in the history of the Muslim Brotherhood but has
no time for the history of glaciers need not be required to pledge his belief
that climate change will hit a certain degree by a certain date. Scientific theo-
ries, Karl Popper taught us, must always be held tentatively; they are produc-
tive precisely to the degree that they offer an invitation to be disproved. Even
as society used Newton’s theories for centuries, the path of human progress
was to give others a chance to create theories that would replace his. Eventu-
ally Einstein’s did.

Nevertheless, we should argue to our hawk that as a matter of judgment,
not certainty, there is sufficient evidence of developing climate change that he
or she should take the issue seriously. Further, if we consider together plausi-
ble climatic tipping points and the increased emissions from world economic
development, there is a risk that such change could become cataclysmic.
Thus, the only responsible course of action is to begin now to deal with the
problem as sensibly and affordably as we can.

We should say something similar to a tree hugger who is quite attentive
to possible change in the North Atlantic meridional overturning circulation
but who believes that to deal with terrorism now and for the foreseeable
future we need only enforce the criminal law—and that a rogue state or
terrorist EMP attack on the United States must be someone’s idea of a film
plot for the PG-13 market. The tree hugger’s blind spot is precisely where
the hawk’s eyes are trained, and vice versa. But our tree hugger needs to
remember that fanatic enemies with access to destructive technology have
already wreaked mass death on modern societies. The tree hugger needs to
keep an open mind, remember the Nazis, and recognize that evil exists, and
happens.

As a thought experiment we might try inviting a tree hugger, someone
strongly committed to reducing the risk of climate change, to address a
major malignant issue by producing a short list of policies that could soon
lead to substantial reductions of emissions. We will ask the tree hugger to
focus on the ways in which we generate electricity, fuel transportation,
power industry, and operate buildings, leaving such topics as preventing
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deforestation and promoting proper agricultural practices until later. We
want him to focus on energy because we are going to submit his list to some-
one else for comment—a hawk who is heavily focused on energy security——
to see if there is anything on which they can agree.

For our tree hugger we decide to summon the shade of John Muir, the
father of our national parks system and the first president of the Sierra Club,
and for our hawk, the shade of George S. Patton, commander of the Third
Army in World War I1. They eye each other warily, but agree to undertake our
project.

After sitting and pondering thoughtfully for a time under some redwoods,
Muir submits a list of nine proposals for Patton’s consideration:

1. Begin with improving the energy efficiency of buildings.

Muir notes that Wal-Mart is finding that with such simple steps as painting
its store roofs white and adding skylights, the company is getting 20 percent
improvement in energy efficiency today and expects 25 to 30 percent
improvements by 2009. And Muir has seen a recent McKinsey & Company
report that says that merely by using existing technologies (where there is an
internal rate of return of 10 percent or more) we can reduce world energy
demand by 125 to 145 QBTUs (quadrillion British thermal units) by 2020,
20 to 24 percent of end-use demand. The vast majority of this, the report
says, would be in buildings of all sorts, including industrial facilities, and
would contribute up to half the greenhouse gas emission abatement needed
to cap the long-term concentration of greenhouse gases in the atmosphere at
450 to 550 ppm.* Muir knows that the Rocky Mountain Institute’s thorough
work shows even more opportunity for energy savings from reduced energy
use in buildings.”

“I'm completely with you on this one,” says Patton. “Less need for energy,
less need to add generating capacity and transmission lines to the grid. Every
day, the grid reminds me more and more of the Maginot Line, just sitting
there vulnerable to being taken out by creative tactics—the less we need it the
better. And 1 like the fact that this efficiency stuff makes money for the folks
who implement it rather than costing something.”

2. Radically increase the use of combined heat and power (CHP).

His second item, Muir says, could be implemented relatively quickly and
would let us get dual use from energy instead of wasting a lot of the heat our
industry produces by just venting it into the atmosphere. About a third of
Denmark’s electricity, for example, comes from CHP. Only about 8 percent of
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U.S. electricity comes from CHP, but the problem—like building efficiency—
is not that we don’t have the technology. Rather, Muir says, our commitment
to wasting heat is determined by culture and regulations. Much of the reason
CHP struggles in the United States is because of the opposition of state pub-
lic utility commissions (PUCs). Certain steps are needed to ensure safety,
Muir concedes, but the Danes have figured this out and completely changed
their system in just twenty years. To do what they’ve done we just need to
change most states’ PUC policies. CHP generally has the effect of generating
electricity and heat closer to where they are used, in relatively small facilities,
Muir notes.

“Go, Danes!” says Patton. “You know, John,” he continues, “I admit I was
pretty skeptical when I agreed to do this with you, but I've gotta admit I'm
learning some things and I like this one, too. Just using energy we’re already
producing—makes all the sense in the world. And it looks like each of these
two ideas of yours reduces the need for new centralized power generation
plants as well as new long-distance transmission lines. Relying on smaller,
more distributed, production should improve resilience against terrorist
attack. Keep ’em coming.”

3. Create strong long-term incentives for small-scale (single-building-based)
distributed generation of electricity and heating and cooling.

Forty out of fifty states, Muir says, now have “net metering” laws that in prin-
ciple make it possible for those who have generating capacity—say roof-top
solar photovoltaic systems—to sell some home-generated electric power
back to the grid. But in practical terms, state laws and regulations leave a lot
to be desired in making this work. The cost of home-generated power is
about to decline sharply, says Muir. As thin-film and nano-solar technologies
come on the market at costs substantially below those of today’s silicon cells,
and as solar collectors are integrated into building materials such as shingles,
these technologies can begin to have a substantial effect on the need for cen-
tral power generation. Small-scale wind turbines, operating at lower wind
speeds than the large wind turbines, are beginning to come into the single-
building market as well. Distributed solar and wind technologies comple-
ment one another, since generally the sun shines at a different time of day
than the wind blows, and increased use of both can be facilitated by storing
electricity in improving batteries. Shallow (heat pump) geothermal is show-
ing promise for heating and cooling of individual buildings; together with
distributed solar and wind it may be able to satisfy a very substantial share
of individual building energy needs. Distributed generation will be renewable
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and hence not carbon-emitting, Muir notes: a coal-fired power plant will
not fit on a roof.

“John,” says Patton, “anyone who has ever been in combat knows that you
need flexibility and initiative at the small-unit level because the unexpected
always happens, and if your small units are good you can adapt faster. ’ve
always said, “Small had damned well better be beautiful.” You have to be able
to put maximum reliance on your platoon leaders and sergeants—that’s how
I was able to relieve Bastogne so fast. You're making me see that the same
logic applies to having an energy system that’s resilient against terrorist and
EMP attack. Damn, are you sure you don’t have a military background?”

4. Follow California’s lead and decouple sales from earnings for electric utilities
to encourage conservation and grid modernization.
This is a big one, says Muir. California, he notes, initiated this simple step
some twenty years ago; there, and (very recently) in several other states, util-
ities’ earnings are based on their investment, not their sales of electricity. But
in the other forty-plus states, utilities must sell more electricity in order to
earn more for their shareholders. [t doesn’t matter if it’s used wastefully—the
incentive systems established by forty-some PUCs don’t deter waste. In Cali-
fornia and the other few states, though, if a utility invests in making the grid
“smarter,” say, to help consumers conserve electricity, it earns more for its
shareholders. The effect of decoupling sales from earnings is dramatic: over
the last twenty years, electricity use per capita in California has stayed flat,
while that of the rest of the country has increased 60 percent. Major double-
digit improvements in energy efficiency are possible if the other approxi-
mately forty PUCs would just admit that what a few states have done is prob-
lem-solving and that their own current policies are problem-creating.
“Sounds great,” says Patton. “I know California screwed up on the Enron
thing a while back—hell, everybody screws up sometimes—even I did once.
But the Californians sure have this decoupling right. Say, who writes those
other forty PUCs’ fitness reports? Why don’t their superior officers just relieve
them of command and put somebody in charge who’s willing to learn from
what the California folks have done?”

5. Give steady and long-term encouragement to the deployment of renewable
electricity generation for the grid from wind, solar, hydro, and geothermal.
Muir tells Patton that many incentives such as tax credits for such deploy-
ment have been periodically interrupted, delaying, for example, production
of wind turbines and slowing the introduction of these technologies.
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“Well,” says Patton, “if we have to add to the grid I suppose these are
okay. The grid will be around for a long time, so we have to improve its
resilience by stockpiling transformers and defending better against cyber
attacks in any case. But even if we improve its defenses and make it cleaner,
increasing our reliance on a Maginot Line is not my favorite way to go. |
liked your efficiency and CHP and rooftop ideas better, but I guess I can go
along with these—I like the fact that at least some of them probably won't
be too large and can be distributed to some extent. Also, power plants using
sun, wind, hydro and geothermal aren’t vulnerable to terrorist interruption
of their fuel supplies.”

6. Vigorously develop carbon capture and storage (CCS) for coal-fired power
plants,

Muir points out that this may well rely on the already-developed technology
of integrated gasification combined cycle (IGCC) plants, which facilitates
CO, capture. The hard part is sequestering the CO, permanently where it
will not leak into the atmosphere. The CO, gas may be pumped into exist-
ing oil and gas wells to enhance recovery from them. Pumping it into salt-
water aquifers deep beneath the earth also shows promise for long-term
sequestration.

Again, Patton is only lukewarm. “Adding to the grid just gives the terror-
ists eyeing our transformers and the crazy guys with EMP attack plans a
bigger target,” he says. “But if we can't get all the power we need by imple-
menting your ideas about reducing demand and increasing distributed gen-
eration, then I'm okay with this CCS stuff, but reluctantly”

7. Provide tax incentives for the purchase of plug-in hybrid gasoline-electric
vehicles (PHEVs). Now for transportation, Muir says. GM has announced the
production of the Chevrolet Volt plug-in hybrid (PHEV) in 2010 (they call it
an “electric vehicle with range extension™); Toyota’s Prius was designed orig-
inally with an all-electric mode for driving, so it is well on the way to being a
plug-in once a battery more capable than that in the current Prius is supplied.
Other manufacturers are gearing up to produce plug-ins as well. There are
dozens of hybrid vehicles, principally Priuses, that their owners have con-
verted into PHEVSs using currently available batteries. A PHEV that is plugged
into a standard 120-volt socket in a garage overnight can be driven 32 to 65
kilometers (20 to 40 miles) the next day on this charge. Once it reaches the
end of the electricity supplied in its overnight charge it becomes an ordinary
hybrid, using both gasoline and electricity until it can be charged again. These
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vehicles seem to be getting over 160 kpg (100 mpg) once their initial all-electric
driving is factored in. (Muir suggests to Patton he take a look at the websites
pluginamerica.com and calcars.org.

The average U.S. light vehicle is driven just over thirty miles a day, Muir
adds. It is clear that, in addition to providing consumers the ability to drive
for some tens of miles a day on inexpensive off-peak overnight electricity at
a fraction of the cost of driving on gasoline, moving from a standard internal-
combustion-engine vehicle to a PHEV reduces greenhouse gas emissions
substantially. A recent Pacific Northwest National Laboratory study has esti-
mated that if 73 percent of the current U.S. fleet of light-duty vehicles were
converted to PHEVs that were able to drive just over thirty miles all-electrically
and were charged during off-peak hours, no new power plants would be
needed. Moreover this would displace 6.5 million barrels of oil equivalent per
day, or approximately 52 percent of the nation’s oil imports. The average reduc-
tion nationally of greenhouse gases would be in the range of 27 percent per car,
more in states using little coal to produce electricity, around zero in heavy coal-
using states.”® And over time cleaning up the grid also deans up PHEV emis-
sions: as electricity production is modified—say, via renewables or coal with
carbon capture and sequestration—CQ, emissions are further reduced.

Finally, PHEVs can replace certain “ancillary services” that cost about
$12 billion annually, such as fossil fuel purchases to stabilize and regulate the
grid’s operations and “spinning” reserves to deal with power outages. Keep-
ing just a small number of PHEVS plugged into the grid after they are charged
creates vehicle-to-grid (V2G) connections that replace fuel-consuming func-
tions.* This can mean a lot less use of fossil fuel and also substantial pay-
ments back to plug-in hybrid owners. One Federal Energy Regulatory
Commission member even calls plug-ins “cash-back hybrids.” Grid modern-
ization can help implement such major innovations.

“John, now you're talking again,” says Patton. “Electricity (and plug-ins)
can do to oil what electricity (and refrigeration) did to salt around the time I
was born—destroy the damned stuff as a strategic commodity. Salt used to be
a really big deal because it was the only way to preserve meat. People even
fought wars over it. But now nobody gives a damn what country has salt
mines. Since around the time I commanded the Third Army, maybe before,
the number one strategic commodity has been oil. It sure was in the war. If
old Tooey Spaatz, God bless him, hadn't persuaded FDR to let him hit Ploesti
and Leuna and take out the Germans’ fuel, they would have had enough for
the Panzers to get to Antwerp and the Battle of the Bulge could have gone the
other way.”
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Patton shakes his head sadly. “You know, John, there are some jaspers at
the Council on Foreign something-or-other in New York who say we’re doing
a ‘disservice to the nation’ by trying to get the country away from oil depen-
dence. Do they think it’s a ‘service’ to make it easier for some other country
to have the leverage over us that we had over the Germans in the war? Those
guys would probably also tell drunkards to make sure they have a glass or two
of red wine every day for their health——not crazy in the abstract, but sure as
hell not the message a guy in his cups needs to hear. But you're telling those
council guys to get with the program and help get us off oil fast—John, you're
my man,”

8. Mandate a rapid transition to flexible fuel vehicles (FFVs).

Muir says this is simple, and would mean that both U.S.-produced vehicles
and imports could use at least gasoline, ethanol (particularly cellulosic),
butanol, and methanol in any mixture. This would create a market for renew-
able fuels by removing a needless barrier, Muir points out. He adds that using
such fuels can substantially reduce greenhouse gas emissions, especially when
the feedstocks are biomass and waste. The cost is modest—around $100 per
vehicle or less. Between 2002 and 2005, Brazil moved from 5 percent to
75 percent of their new vehicles’ being FFVs. Incentives such as tax credits
should be provided promptly to encourage pumps for these fuels to be
installed at stations.

“Hey, John,” Patton booms. “I'm fine with markets and cap-and-trade and
all that, but sometimes ya gotta just tell people to, damn it, do it. I got no
problem with mandates—hell, if you gotta move fast and it’s important, I
absolutely fove ’em. We did it for cars with seat belts and air bags because
people’s lives were at stake. Well, they’re at stake because of oil dependence
too. Getting away from that dependence is a matter of national security.
Somebody just needs to show as much gumption as the Brazilians and issue
a damned order about obvious stuff like this.”

9. Provide incentives for the production of renewable fuels and specialty chem-
icals from cellulosic biomass; give special attention to the desirability of using
waste products as a feedstock, particularly where methane is thereby reduced.

Muir points out that we should be moving away from hydrocarbons and
toward carbohydrates generally as feedstocks for liquid fuels, electricity gen-
eration, and chemical production. But he is especially worried about a num-
ber of wastes producing methane if left in their natural state because of the
latter’s potency as a greenhouse gas—more than twenty times that of CO,.
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“Fine with me, John,” says Patton. “Let’s clean stuff up while we get off
oil—a threefer: helps thwart the terrorists, reduces that carbon you’re so wor-
ried about, and things smell better. 'm gonna start calling you ‘God’s janitor”
Basically your're nine for nine. Pretty interesting—we keep getting to the same
place as long as we don’t have to agree with one another’s reasons for going
there. Who'da thought it?”

“But there are three things you didn’t mention,” he adds: “Nuclear power,
hydrogen, and coal-to-liquid transportation fuels. I've seen a lot of guys lob-
bying lately on all three of those—must be some money behind ‘em. What do
you think?”

Patton and Muir talk for a while and agree that nuclear power plants may
be an acceptable last resort if we have to add generating capacity in the United
States. Muir winces at the prospect, but in spite of the waste storage problem
he’s always been worried about, he’s come reluctantly to support nuclear in
some cases because of nuclear plants’ lack of carbon emissions. Patton has a
nagging problem with terrorist threats to power plants, but agrees that it
would be very hard to cause a core meltdown. The two agree we should def-
initely oppose spreading nuclear energy around the world to new countries,
since with today’s treaties and inspections it’s impossible in practical terms to
stop countries from using their nuclear “electricity” programs as a way to get
into the nuclear weapons business.

The hydrogen discussion just takes a few seconds. Both see some uses for
hydrogen, but when they start talking about driving the “hydrogen high-
way” in family cars with hydrogen fuel cells and hydrogen storage and
pumps at neighborhood filling stations, they shake their heads, amazed at
the cost—especially, they chuckle, since the only infrastructure fueling cost
you need for plug-in hybrids is an extension cord for each car-driving
household.

Coal-to-liquids (CTL) is their only area of disagreement. Muir hates the
carbon it would produce; Patton likes the way it undermines oil. As they
finish their discussion, Patton puts a hand on Muir’s shoulder and says,
“John, tell you what I'll do. Even though CTL plants would use American
coal, which I like, some plants might need a big infrastructure that could be
vulnerable to terrorists, which I don’t like. 'm happy with your transporta-
tion ideas because they move us toward small local plants and distributed
production of fuel, whether electricity or liquid—nicely resilient. How
about this: unless they figure out how to sequester enough of the carbon
from CTL to satisfy you, I won’t drop this option but I'll move it down to
the bottom of my list—but in exchange I'd like a little help from you on

Copyright 2008, the Brookings Institution. All rights reserved.
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another matter: I think the Army needs at least two to three more armored
divisions. What do you say?”

“George,” laughs Muir, “Yow’re a piece of work. I might be able to talk
myself into rolling over for one or two of those things, but, if I do, for each
one I support I'm going to need your backing for at least one new national
park.”

“John,” says Patton, “I like your style. Say, can you hunt in those places?”

“George,” gasps Muir, “you are absolutely imposs—"

Patton grins. “Just pullin’ your chain.”

As they stroll off together into the evening haze, Patton’s ghost begins
slightly to resemble Humphrey Bogart, and Muir’s, Claude Raines. Patton
grins and says, “Y’know, Johnny, this could be the start of a beautiful
friendship.”
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Mr. MARKEY. Thank you, Mr. Woolsey, very, very much.

Our next witness is Dr. Kristie Ebi, an independent consultant
specializing in impacts of and adaptation to climate change. She is
a lead author of both the human health chapter of the United Na-
tions’ Intergovernmental Panel on Climate Change’s Fourth As-
sessment Report and for the United States Climate Change Science
Program’s Synthesis Assessment Product on the effects of the glob-
al change on human health and welfare and human systems. We
thank you, Dr. Ebi, for being here. Whenever you are comfortable,
please begin.

STATEMENT OF KRISTIE L. EBI, PUBLIC HEALTH CONSULT-
ANT, LEAD AUTHOR, PUBLIC HEALTH CHAPTER OF THE 2007
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE,
FOURTH ASSESSMENT REPORT

Ms. EBIL. Thank you very, Mr. Chairman. I appreciate the oppor-
tunity to talk with all the members here on the Subcommittee on
Energy and the Environment.

Climate change poses current and future risks for U.S. citizens.
Although data are limited, injuries, illnesses, and death due to cli-
mate change may already be occurring with the magnitude and ex-
tent of adverse health impacts expected to increase with additional
climate change. The risks include greater numbers of preventable
illnesses and deaths due to increases in the frequency, intensity,
and length of heat waves with the greatest risk among older
adults, those with chronic medical conditions, infants, children,
pregnant women, outdoor workers, and the poor. Climate change is
projected to increase heat-related mortality several fold, increases
in the frequency and intensity of floods, droughts, wildfires, and
windstorms with the risk highest among the poor, pregnant
women, those with chronic medical conditions and those with mo-
bility and cognitive constraints. Projecting additional health bur-
dens is difficult because extreme weather events, by definition, are
rare. However, the impacts can be large for single events, higher
concentrations of ground-level ozone with the highest risk among
asthmatics and those with chronic heart or lung disease, diabetics,
athletes, and outdoor workers.

Without taking into account possible changes in the precursors
required for ozone formation, ozone-related morality is projected to
increase at least 4 percent by 2050 in the New York area alone.
Ozone-related morbidity also would be expected to increase, includ-
ing more asthma attacks among susceptible individuals. Certain
food- and waterborne diseases with the highest risks among older
adults, infants, and those who are immunocompromised. The num-
ber of cases of salmonella, which has caused several recent
foodborne outbreaks, increases with ambient temperature. Possible
changes in the geographic range and incidence of waterborne and
zoonotic diseases. Reports are appearing of infectious disease out-
breaks in areas that previously have been considered too cold for
their transmission.

Other health impacts also may increase. For example, there are
anecdotal reports of increases in suicide rates among native Alas-
kans associated with the loss of culture, lands, and livelihoods be-
cause of melting permafrost, loss of sea ice, and other changes due
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to climate change. The magnitude and extent of these impacts will
vary significantly across regions, requiring understanding of the
local factors that interact with climate change to increase the
health risks. Demographic trends such as an older and larger U.S.
population will increase overall vulnerability. In addition, the
United States may be at risk from climate-related diseases and dis-
asters that occur outside our borders. The unprecedented nature of
climate change may bring unanticipated consequences for public
health. The current and projected health impacts of climate change
are significantly larger in low-income countries, challenging their
ability to achieve the millennium development goals.

Adaptation and mitigation are equally important for addressing
these health risks. Neither is sufficient. Focusing only on mitiga-
tion will leave communities inadequately prepared for the changes
expected in the short term and focusing only on adaptation will in-
crease the amount of future climate change to which communities
will need to adapt. The United States has well-developed public
health infrastructure and environmental regulatory programs that
if maintained would moderate the risks of climate change. How-
ever, there are limits to the degree to which adaptation can reduce
these health impacts. Some low-income countries are struggling to
adapt to the climate change impacts they are experiencing now. As
we heard, that does increase our national security threats.

Actions that lead to greenhouse gas emissions reductions can
have significant positive impacts on human health. For example, in
the year 2020, thousands of premature deaths and tens of thou-
sands of asthma-related emergency room visits could be prevented
from the implementation of a range of activities that reduce fine
particulate matter concentrations associated with carbon dioxide
emissions. In addition to saving lives, the associated economic ben-
efits would range from $6 billion to $14 billion, and that is in 1
year.

Thank you very much.

[The prepared statement of Ms. Ebi follows:]
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Summary

Climate change poses health risks for U.S. populations, both direct impacts on health as
well as through altering the systems on which human health and well-being depend.
Although data in the U.S. are limited, health impacts due to climate change may already
by occurring, with the magnitude and extent of impacts expected to increase with
increasing climate change. The health risks of current and future climate change in the
U.S. include greater numbers of illnesses and deaths due to (Ebi et al. 2008):

o Increases in the frequency, intensity, and length of heatwaves, with the highest
risks among older adults, those with chronic medical conditions, infants and
children, pregnant women, urban and rural poor, and outdoor workers. With
limited mitigation or adaptation, heat-related mortality is projected to increase
several-fold.

e Increases in the frequency and intensity of other extreme weather events,
including floods, droughts, wildfires, and windstorms, with the risks highest
among the poor, pregnant women, those with chronic medical conditions, and
those with mobility and cognitive constraints. Projecting additional health
burdens is difficult because these events are, by definition, rare. However, the
impacts can be large for single events.

e Higher concentrations of ground-level ozone, with the highest risks among
asthmatics and those with chronic heart or lung diseases, diabetics, athletes, and
outdoor workers. Without taking into account possible changes in the precursors
that are required for ozone formation, ozone-related mortality is projected to
increase 4% by 2050 in the New York area. Ozone-related morbidity also would
be expccted to increase, including more asthma attacks in susceptible individuals.

e  Certain diarrheal diseascs, with the highest risks among older adults, infants, and
those who are immunocompromised. Several studies have found that the number
of reports of cases of salmonella, which has caused several recent foodborne
outbreaks in the U.S., increases with increasing temperature.

e Possible changes in the geographic range and incidence of vectorborne and
zoonotic diseases. There are several reports of infectious diseases appearing in
areas that had previously been considered too cold for their transmission.

e  Other health impacts also may increase. For example, there are anecdotal reports
of increases in suicide rates among Native Alaskans associated with the loss of
lands and livelihoods because of melting permafrost, loss of sea ice, and other
changes due to climate change.

Demographic trends, such as a larger and older U.S. population, will increase overall
vulnerability to these health risks. In addition, the U.S. population may be at risk from
climate-related diseases and disasters that occur outside U.S. borders, with travelers and
refugees importing diseases not currently present. The unprecedented nature of climate
change also may bring unanticipated consequences for public health.

The magnitude and extent of these impacts will vary significantly across regions,
requiring understanding of the local factors that interact with climate change to increase
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the health risks. Adaptation and mitigation are equally important for addressing these
risks. Neither is sufficient in itself; focusing only on mitigation would leave communities
inadequately prepared for changes expected in the short term, and focusing only on
adaptation would increase the amount of future climate change to which communities
would need to adapt. There will be limits to the degree to which adaptation can reduce
health burdens due to climate change.

In addition to increasing the public health capacity to prepare for and effectively respond
to climate change, there is an urgent need to evaluate the possible health consequences of
policies and technologies being developed to reduce emissions of greenhouse gases, from
energy efficiency policies to carbon capture and storage. Responses to climate change
may alter energy, transportation, and other systems required for our societies to function;
health risks may arise from changes in any of these systems. Better understanding is
needed of how these systems interact with health, including risks and opportunities for
interventions to improve population health.

1.0 The Potential Health Impacts of Climate Change

The observation that major causcs of ill health exhibit distinct seasonal patterns suggests
a priori that weather and/or climate influence their distribution and incidence. Weather,
climate variability, and climate change affect a wide range of health outcomes directly
and indirectly. Directly, heatwaves, floods, droughts, windstorms, and fires annually
affect millions of people and cause billions of dollars of damage. In 2003 in Europe,
Canada, and the United States, floods and storms resulted in 101 people dead or missing
and caused $9.73 billion in insured damages (Swiss Re 2004). More than 35,000 excess
deaths were attributed to the extended heatwave in Europe the same year (Kostasky
2005). The frequency and intensity of extreme weather events are expected to increase
over the coming decades as a consequence of climate change, suggesting that the
associated health impacts also could increase.

Indirectly, climate can affect health through alterations in the gcographic range and
intensity of transmission of vector-, tick-, and rodent-borne diseases, and food- and
waterborne diseases, as well as through changes in the prevalence of diseases associated
with air pollutants and aeroallergens. Climate change could alter or disrupt natural
systems, making it possible for diseases to spread or emerge in areas where they had been
limited or had not existed, or for diseases to disappear by making areas less hospitable to
the vector or the pathogen (NRC 2001). Climate-induced economic dislocation and
environmental decline also can affect population health.

The cause-and-effect chain from climate change to changing patterns of health
determinants and outcomes is often complex and includes factors such as wealth,
distribution of income, status of the public health infrastructure, provision of medical
care, and access to adequate nutrition. Therefore, the severity of future impacts will be
determined by changes in climate as well as by concurrent changes in non-climatic
factors and by policies implemented to reduce negative impacts. It is important to note
that even if total burdens of some climate-sensitive health outcomes decrease in the
future, the attributable burden due to climate change is projected to increase.
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The capacity of the U.S to develop and deploy effective and timely policies to address
climate change is assumed to remain high throughout this century, thus reducing the
likelihood of severe health impacts if appropriate programs and activities are
implemented. However, the nature of the risks posed by climate change means that some
adverse health outcomes may not be avoidable.

Extreme Weather Events

Heatwaves affect human health via heat stress, heatstroke, and death, as well as
exacerbations of underlying conditions that can lead to an increase in mortality from all
causes of death (not just heatstroke). Older adults, children, city-dwellers, the poor, and
people taking certain medications are at the highest risk during a heatwave. The number
of heat-related deaths are projected to increase with climate change (Confalonieri et al.
2007).

Recent projections of the impacts of climate change on heatwaves in the Midwest, using
two definitions of a heatwave (the warmest average minimum temperatures over three
consecutive nights in a given year, and exceedance of particular thresholds, suggested an
increase in the average heatwave frequency of about 24% for Chicago (from 1.7 to 2.1
heatwaves per year); 50% for Cincinnati (from 1.4 to 2.1 heatwaves per year); and 36%
for St. Louis (from 1.4 to 1.9 heatwaves per year) (Ebi and Meehl 2007). The average
duration of heatwaves was projected to increase by 21% for Chicago (from 7.3 to 8.8
days); by 22% for Cincinnati (from 8.8 to 10.7 days); and by 38% for St. Louis (from
10.3 to 14.2 days). Combining changes in duration and intensity of heatwaves implies an
overall increase of about 70% in the annual number of heatwave days for the Midwest by
the late 21st century. Moreover, these extreme days will be hotter on average than at
present. The projections also suggested that areas such as the Northwest, where
heatwaves are not severe at present and where use of air conditioning is less common,
future increases in heatwave intensity could result in more heat-related illnesses and
deaths.

Hayhoe et al. (2004), the most recent study focused on the U.S., projected the impacts of
extreme heat on heat-related mortality in California. Taking some acclimatization into
account (but no change in the prevalence of air conditioning), assuming a linear increase
in heat-related mortality with increasing temperature, and assuming no change in the
population, expected heat-related deaths in Los Angles were projected to increase (from a
baseline of about 165 excess deaths annually) two- to three-fold under a low emission
scenario and five- to sevenfold under a high emission scenario by 2070-2099.

Applying the magnitude of the 2003 European heatwave to five major U.S. cities
(Detroit; New York; Philadelphia; St. Louis; and Washington, D.C.), Kalkstein et al.
(2008) concluded that a heatwave of the same magnitude would increase excess heat-
related deaths by more than five times the average. New York City’s total projected
excess deaths exceeded the national summer average for heat-related mortality, with the
death rate approaching annual mortality rates for common causes of death, such as
accidents.

Climate change is projected to increase the intensity and frequency of floods, droughts,
and windstorms in many regions (IPCC 2007). The impacts of an extreme event,
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including loss of life and livelihood, are determined by the physical characteristics of the
event, attributes of the location affected, and interactions of these with human actions and
social, economic, institutional, and other systems. The adverse health consequences of
flooding and windstorms often are complex and far-reaching, and include the physical
health effects experienced during the event or clean-up process, or from effects brought
about by damage to infrastructure, including population displacement. The physical
effects largely manifest themselves within weeks or months following the event, and may
be direct (such as injuries) and indirect (such as water and food shortages and increased
rates of vectorborne and other diseases). Extreme weather events are also associated with
mental health effects, such as post-traumatic stress disorder, resulting from the
experience of the event or from the recovery process. These psychological effects tend to
be much longer lasting and may be worse than the direct physical effects.

Air Pollutants

Climate change may increase concentrations of selected air pollutants, particularly ozone
in some regions, and decrease concentration of other pollutants, such as particulate
matter. Air pollution concentrations are the result of interactions among local weather
patterns, atmospheric circulation features, wind, topography, and other factors. Climate
change might affect local to regional air quality directly through changes in chemical
reaction rates, boundary layer heights that affect vertical mixing of pollutants, and
changes in synoptic airflow patterns that govern pollutant transport. Indirect effects may
result from increasing or decreasing anthropogenic emissions via changes in human
behavior, or from altering the levels of biogenic emissions because of higher
temperatures and land cover change. Establishing the scale (local, regional, global) and
direction of change (improvements or deterioration) of air quality is challenging.

There is extensive literature documenting the adverse health impacts of exposure to
elevated concentrations of air pollution, especially particulates with aerodynamic
diameters under 10 and 2.5 micrometers, ozone1, sulphur dioxide, nitrogen dioxide,
carbon monoxide, and lead. More is known about the potential impact of climate change
on ground-level ozone than on other air pollutants.

Acute exposure to elevated concentrations of ozone is associated with increased hospital
admissions for pneumonia, chronic obstructive pulmonary disease, asthma, allergic
rhinitis and other respiratory diseases, and with premature mortality (e.g. NRC 2008).
QOutdoor ozone concentrations and activity patterns are the primary determinants of ozone
exposure. The risk of mortality is not limited to those who are at very high risk of death
within a few days of exposure (NRC 2008). A NRC committec concluded that “the
association between short-term changes in ozone concentrations and mortality is
generally linear throughout most of the concentration range, ... . If there is a threshold,
it is probably at a concentration below the current ambient air standard.” (NRC 2008).
In addition, there is limited evidence that chronic exposure to ozone increases mortality;
if confirmed, then the total health burden of exposure to ozone would be much higher
than current estimates (NRC 2008).

! The aerodynamic diameter of a particle determines the depth to which it will be inhaled into the
lungs, and, therefore, the degree of damage that may be caused to various parts of the lung.
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Changes in concentrations of ground-level ozone driven by scenarios of future emissions
and /for weather patterns have been projected for Europe and North America
(Confalonieri et al. 2007; Ebi and McGregor 2008). Increases in ozone concentrations
will likely increase respiratory problems in susceptible individuals. Based on projections
of county-level pollutant concentrations, summer ozone-related mortality was projected
to increase by 4% in the New York area by the 2050s based on climatic changes alone
(Knowlton et al. 2004).

Infectious Diseases

Climate change will likely have mixed effects on the health burdens of infectious
diseases. Climate is a primary determinant of whether a particular location has
environmental conditions suitable for the transmission of several vector-, rodent-, and
tick-borne diseases, including West Nile virus, St. Louis encephalitis, Lyme disease, and
dengue. A change in temperature may hinder or enhance vector and parasite
development and survival, thus lengthening or shortening the season during which
vectors and parasites survive. Small changes in temperature or precipitation may cause
previously inhospitable altitudes or ecosystems to become conducive to disease
transmission (or cause currently hospitable conditions to become inhospitable). The
many determinants of infectious diseases often form an interconnected web with positive
feedbacks between transmission dynamics and other factors, making modeling of the
impacts of climate change challenging.

Several food- and waterborne diseases are climate sensitive, suggesting that climate
change may affect their incidence and distribution. For example, studies report an
approximately linear association between temperature and common forms of foodborne
diseases such as salmonellosis (Confalonieri et al. 2007).

Recent studies report the occurrence of diseases in regions that have been considered too
cold to support the pathogen (McLaughlin et al. 2005; Stephen et al. 2002). Vibrio
parahaemolyticus, the leading cause of seafood-associated gastroenteritis in the U.S., is
typically associated with the consumption of raw oysters gathered from warm-water
estuaries (McLaughlin et al. 2005). One of the largest known outbreaks of V.
parahaemolyticus in the U.S. occurred in Alaska, extending by 1000 km the
northernmost documented source of oysters that cause this illness. Rising temperatures
of ocean water seem to have contributed to the outbreak. An outbreak of Cryptococcus
gattii, previously considered a tropical organism, occurred in southern Vancouver Island
(Stephen et al. 2002). The incidence of medical visits for adverse reactions to insect
stings and bites in three independent patient databases has increased during the past
decade in Alaska, which has been associated with temperature changes in the same region
(Demain et al in press).

Particularly Vulnerable Populations and Regions

Vulnerability to climate change will vary between and within populations. Sub-
populations that are most vulnerable to the health impacts of climate change depend on
the region of interest, the health outcome, and population characteristics, including
human, institutional, social, and economic capacity, distribution of income, provision of
medical care, and access to adequate nutrition. In general, children, older adults, those



76

with chronic disease, and the poor and disadvantaged are most at risk. Figure 1 shows
counties with existing vulnerabilities to climate-sensitive health outcomes.

Figure 1: Counties with Existing Vulnerabilities to Climate-Sensitive Health
QOutcomes
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2.0 Public Health Capacity to Address the Risks of Climate Change

Realistically assessing the potential health effects of climate change must include
consideration of the capacity to manage the impacts of new and changing climatic
conditions. Individuals, communities, governments, and other organizations currently
engage in a wide range of actions to identify and prevent adverse health outcomes
associated with weather and climate, such as heatwaves, wildfires, hurricanes, etc.
Although these actions are generally viewed as having been largely successful
historically, two recent surveys suggest that climate change will challenge the ability of
current programs and activities to control climate-sensitive health determinants and
outcormes (Balbus et al. 2008; Maibach et al. 2008; Wells Bedsworth 2008). Although
some level of preparedness exists, there is a long way to go before the country’s adaptive
capacity is at a sufficient level. The preparedness gap includes not just infrastructure and
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capacity, but also fundamental knowledge and the availability of reliable decision support
tools. Preventing additional morbidity and mortality will require modification of current
and implementation of new programs and activities to increase resilience to climate
change, taking into consideration the local context, including socio-economic,
geographic, and other factors. Research is needed to identify effective and efficient
programs and activities, as well as how to successfully transfer lessons learned to other
communities to assure protection of public health (Ebi et al. 2008).

The risks of climate change are likely to place extraordinary demands on public health
programs and activities designed to protect the health and safety of U.S. residents and
visitors. Increases in illnesses, injuries, and deaths would be expected unless policies and
measures are developed to ensure effective functioning of these programs and activities.
National, state, and local plans are needed to ensure sufficient public health capacity
during and following extreme events such as flooding, storms and storm surges, and to
address outbreaks of climate-related outbreaks of vector-, food-, and waterborne diseases.
This capacity must be present, consistent, and effective in analyzing the safety of
drinking water, monitoring for the appearance of vectorborne diseases, and providing
acute and chronic care for persons suffering from the effects of climate-related events.
Constraints include the financial, human, and institutional capacity at all levels of
government and institutional service providers.

3.0 Managing the Projected Health Risks of Climate Change

Adaptation and mitigation are the primary approaches for addressing the risks of climate
change; they are not mutually exclusive; co-benefits to human health can result
concurrently with implementation of mitigation actions. Neither is sufficient in itself;
focusing only on mitigation would leave communities ill-prepared for changes expected
in the short term; and focusing only on adaptation would increase the amount of climate
change to which future societies would need to cope.

Viewing adaptation within a risk management framework highlights some of the key
differences between climate change and other environmental risk factors, including that
the exposure cannot be prevented (i.e. increases in the frequency, intensity, and length of
many extreme weather events); the rate of change is likely to increase over the next
several decades; and the risks will vary over temporal and spatial scales, with the extent
of impacts dependent on local and national factors. Therefore, adaptation will be a
continual process of attempting to prevent adverse impacts from changing exposures and
vulnerabilities.

Climate change will make it more difficult to control climate-sensitive health
determinants and outcomes. Therefore, health policies need to explicitly incorporate
climate-related risks in order to maintain current levels of control. In most cases, the
primary response will be to enhance current health risk management activities. The
health determinants and outcomes that are projected to increase with climate change are
problems today. In some cases, programs will need to be implemented in new regions; in
others, climate change may reduce current infectious disease burdens. The degree to
which programs and measures will need to be augmented to address the additional
pressures due to climate change will depend on factors such as the current burden of
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climate-sensitive health outcomes, the effectiveness of current interventions, projections
of where, when, and how the health burden may change with changes in climate and
climate variability, the feasibility of implementing additional cost-effective interventions,
other stressors that might increase or decrease resilience to impacts, and the social,
economic, and political context within which interventions are implemented (Ebi et al.
2006). Examples of adaptation measures range from developing and deploying early
warning systems and emergency response plans that specifically incorporate projections
of climate change-related health risks to establishing surveillance programs in regions
where projections suggest disease vectors may change their geographic range.
Adaptation policies and measures need to consider how to effectively and efficiently
reduce climate-related health risks in the context of sustainable development, considering
projected demographic, economic, institutional, technologic, and other changes.

Because fossil fuel combustion is a source of urban air pollutants and greenhouse gases,
policies to reduce greenhouse gas emissions may have health benefits in the near- and
long-term. There are potential synergies in reducing greenhouse gas emissions and
improving population health via sustainable transport systems that make more use of
public transport, walking, and cycling.

4.0 The Human Impacts of Climate Change Qutside the U.S. Can Affect the
Population Health in the U.S.

Health security in the U.S. is influenced by risks outside her borders, as illustrated by the
introduction and spread of West Nile virus and the concerns over the possible spread of
SARS in the U.S. Globalization, increased travel and trade, immigration, and other
factors can introduce new health risks, and disasters can increase the flow of refugees.
Plasmodium vivax malaria, dengue fever, and other vectorborne diseases were once
prevalent in the U.S., and the mosquitoes that can carry these diseases remain common in
the U.S. Climate change is providing an opportunity for these mosquitoes to increase
their geographic range; this could put more people at risk for introduced diseases if vector
control programs are insufficient or not prepared. Better understanding of how climate
change could alter the current distribution and incidence of climate-sensitive health
outcomes throughout the world is needed to ensure U.S.-based programs and activities
have adequate knowledge and resources to protect the health of our citizens.

5.0 Health Impact Assessments Are Needed of Policies and Technologies Being
Developed to Reduce Climate Change Risks

The policies and technologies being developed to reduce the risks of climate change,
from energy efficiency policies to carbon capture and storage, may have considerable
health consequences. Therefore, a mechanism is required to assess the consequences of
proposed mitigation and adaptation policies and measures prior to their adoption. Health
Impact Assessments (HIAs) are a proven approach to ensuring that potential public health
concerns are identified and addressed before they become a problem. According to the
World Health Organization, “HIA provides decision makers with information about how
any policy, programme or project may affect the health of people. HIA seeks to
influence decision makers to improve the proposal.” (http://www.who.int/hia/en) HIAs
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includes consideration of potential alternatives to reduce or mitigate potential health
consequences of a proposed policy, as well as monitoring and evaluation of the adopted
policy’s implementation, to make corrections as nceded to ensure the policy’s
effectiveness and its protection of human health. HIAs also can be used to identify the
co-benefits of smart growth and development policies.

6.0 Federal Coordination is Needed of Research on the Health Impacts of Climate
Change in the U.S.

Effectively addressing the health risks of climate variability and change will require
wide-ranging responses from Federal and State agencies and departments. Because the
health risks of and public health responses to climate change cover a broad range of
issues, and because the risk and responses will change over temporal and spatial scales,
there should be Federal coordination of programs and activities, within the CCSP or a
similar organization, to ensure that funding focuses on critical research needs to address
current gaps and those likely to arise within the next few decades. Programs and
activities designed to address climate change and health issues should be established
within all Federal agencies whose mandates include human health, including
Departments of Commerce (specifically the National Oceanographic and Atmospheric
Administration), Health and Human Services (particularly the Centers for Disease
Control and Prevention), Homeland Security, Environmental Protection Agency, the
National Institutes of Health, National Science Foundation, and the U.S. Geological
Survey.

A robust research strategy to address the health risks of climate change, including the
health aspects of climate mitigation and adaptation policies, should integrate four broad
research activities: characterizing associations between weather/climate and health based
on observed data; identifying observed effects of climate change on health; projecting
health impacts using models; and identifying, prioritizing, evaluating, implementing, and
monitoring effective and timely response options (including adaptation and mitigation).
Key public health research categories that address these essential services include
surveillance and monitoring; field, laboratory, and epidemiologic research; model
development; development of decision support tools; and education and capacity building
of the public and public health and health care professionals (Frumkin et al. 2008).

7.0 Research Funding to Understand the Health Impacts of Climate Change in the
United States is Inadequate

Based on data available from agency websites, it appears that current Federal funding
directed at understanding and addressing the health risks of climate change is
approximately $3 million annually; this number would be approximately $1 million
without new solicitations from U.S. EPA. These estimates are significantly less than
funding figures provided to CCSP, and are inadequate to address the real risks that
climate change poses for U.S. populations.

The inadequate level of U.S. funding appears to be due to the low priority placed on
identifying and managing the health risks of climate change by Congress and the Federal



80

government. There are five over-arching goals for CCSP for fiscal year 2009 (U.S.
CCSP 2008). Two are relevant to human health. Theme 4 is to understand the sensitivity
and adaptability of different natural and managed ecosystems and human systems to
climate and related global changes. However, the three identified focus areas do not
explicitly mention human health as a priority (focus areas are to: improve knowledge of
the sensitivity of ecosystems and economic sectors to global climate variability and
change; identify and provide scientific inputs for evaluating adaptation options, in
cooperation with mission-oriented agencies and other resource managers; and improve
understanding of how changes in ecosystems (including managed ecosystems such as
croplands) and human infrastructure interact over long time periods). Theme 5 is to
explore the uses and identity the limits of evolving knowledge to manage the risks and
opportunities related to climate variability and change; again, the three identified focus
areas do not focus on human health (support informed public discussion of issues of
particular importance to U.S. decisions by conducting research and providing scientific
synthesis and assessment reports; support adaptive management and planning for
resources and physical infrastructure sensitive to climate variability and change; build
new partnerships with public and private sector entities that can benefit both research and
decision-making; and support policymaking by conducting comparative analyses and
evaluations of the socioeconomic and environmental consequences of response options).
Understanding, avoiding, preparing for, and managing the health risks of climate change
should be explicitly mentioned in CCSP goals.

More importantly, given the current and projected health risks of climate change in the
U.S., Congress needs to allocate funds to Federal agencies whose mission mandates
include human health; these agencies should maintain and enhance programs (and
appropriate funding) to specifically address climate change risks in a timely and efficient
manner. Based on the approach used for the Federal program in airborne particulate
matter, and acknowledging the additional complexity of addressing the health risks of
climate change, the level of Federal funding directed at climate change and health
research should be more than $200 million annually (Ebi et al. submitted).

This suggested level of effort must rely on continued robust programs on research
relevant to climate change and health. For example, U.S. EPA’s Global Change
Research Program recently completed a nine-year-long assessment of the implications of
climate change for regional air quality that provides a basis for significant advances in
understanding how projected changes in air quality could affect human health. NIEHS
and CDC have conducted extensive research on asthma, vectorborne diseases, and other
climate-sensitive health outcome that is required for understanding and predicting
weather/climate exposure-response relationships, seeking evidence of whether climate
change has affected human health, projecting the future geographic range and incidence
of climate-sensitive health outcomes under a range of possible development pathways,
and developing effective and timely adaptation and mitigation options.

Climate change is not a pollutant in the classical sense used in public health; it is a
projected to fundamentally alter the systems on which our society relies, including air,
water, agriculture, and ecosystems. Responses to climate change may alter energy,
transportation, and other systems required for our societies to function. The health risks
of climate change may arise from changes in any of these systems. Better understanding
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is needed of these systems interactions with health, including risks and opportunities for
interventions to improve population health. Ensuring that a Federal research program
prepares the U.S. for the current and projected health impacts of climate change would be
facilitated by establishing a standing committee within the National Academy of Sciences
to advise on the size, priorities, and balance of such a program, through independent and
regular evaluations of the state of knowledge and critical research gaps to address current
and projected health risks.

Evidence is accumulating that climate change is adversely affecting human health in
other parts of the world (i.e. Confalonieri et al. 2007). The lack of attention from the
Federal government on the health risks of climate change to U.S. populations is
needlessly putting people at risk.
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Mr. MARKEY. Thank you, Dr. Ebi. Just for the members’ informa-
tion, the House is in recess subject to the call of the chair, so we
are going to have a good stretch here in order to the listen to the
witnesses and to cross-examine them.

Our next witness is Dr. Frank Ackerman, an economist who has
written extensively on environmental economics and climate
change. He is the senior economist at the Stockholm Environ-
mental Institute, the U.S. Center as well as a senior research fel-
low at the Global Development and Environmental Institute at
Tufts University. We welcome you, Dr. Ackerman. Whenever you
are ready, please begin.

STATEMENT OF FRANK ACKERMAN, SENIOR ECONOMIST,
STOCKHOLM ENVIRONMENT INSTITUTE U.S. CENTER, TUFTS
UNIVERSITY

Mr. ACKERMAN. Thank you for inviting my testimony.

As several people have said already today, the debate has largely
shifted from science to economics. Climate change is real. It is
caused by human activity. It is going to be increasingly bad for us.
The question now before us is, can we afford to do anything about
it. As a group of prominent economists including several Nobel lau-
reates said, the most expensive thing we can do is nothing. There
is a growing recognition in the economics profession of the costs of
doing nothing. The Stern Review sponsored by the British govern-
ment was a major step forward in understanding that. As has been
mentioned, the Stern estimate of the cost of doing nothing ranged
depending on how you understand the damages from 5 percent to
20 percent of world output compared to the cost of solving the prob-
lem, eliminating most of those impacts which Stern estimated at 1
percent of world output for some decades. There are many studies
of local and regional impacts of climate change, varied impacts on
different ecosystems, different climate regions within the United
States. There is an excellent study by Matias Ruth of the Univer-
sity of Maryland reviewing a lot of these.

My research, which is described in my written testimony, was in
response to requests for a total dollar estimate for the costs of inac-
tion for the United States. We did one study of the United States
and a study looking more in depth at Florida. We found that just
a few categories of damages would amount to 1.5 percent of U.S.
income by the end of this century. For Florida, which is much more
in harm’s way, four categories of damages could amount to as much
as 5 percent of the State income by the end of the century. The cat-
egories that we looked are hurricane damages, the effects of sea
level rise solely on residential real estate, not on all the properties
in the State, cost to the electrical system of the changes in demand,
costs of more expensive and difficult water supply for the United
States. For Florida, we were not able to produce a similar water
estimate but we estimated the costs of losses to the State’s very im-
portant tourism industry.

Now, I would emphasize that these numbers, while they are larg-
er than the 1 percent estimate of the costs of action, they are par-
tial estimates of the costs of inaction. There is no such thing as a
total dollar estimate for the costs of inaction. Lives will be lost to
climate change if we do nothing about it. There is no meaningful
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way to put a dollar cost on those but you can’t forget it. The costs
of Hurricane Katrina were not just property losses, there were also
more than 1,000 people who died there. Damages to nature and ex-
tinction of species, likewise, have no meaningful price. Turning to
economic categories, we did not estimate agricultural losses except
to the extent they were included in water losses. We didn’t esti-
mate wildfires and forest die-off costs or the costs of floods in the
Midwest and California and elsewhere. We didn’t look at the cost
of infrastructure along the coasts other than the cost to residential
real estate, and a very important point, which has come out in the
economics literature lately, is the importance of looking at worst-
case risks rather than averages. Climate change will get worse on
average, and the worst-case risks are indeed ominous. The risks of
an abrupt discontinuity climate catastrophe has to be taken seri-
ously. When people buy insurance, they buy insurance against
worst cases, not average. On average you don’t need fire insurance.
On average you have 99 percent confidence that you don’t need fire
insurance. You can live a richer life if you cancel the fire insurance.
Not taking seriously the worst-case risks the same way that we do
when we buy fire insurance is taking a huge gamble. The future
is only going to happen once. If we were lucky, we wouldn’t need
insurance but that is not the way anybody thinks about these risks
in their ordinary life.

So we concluded that climate change will be bad for the economy.
Just a few categories of economic damages for the United States as
a whole exceed the cost of action. For Florida, it is much worse. We
did a similar short study of the Caribbean, where we found dev-
astating costs to the island economies that are completely at risk
from climate change. Those are likely to cause a flood of refugees,
as the speakers discussing security have mentioned. There are real
issues about refugees caused by climate change. Where are people
leaving the Caribbean because of climate change going to go? Prob-
ably not to Venezuela.

And finally, there is an international dimension to this. I have
been to a lot of climate change conferences in the last 8 years. It
has been embarrassing to go to them as an American. People tend
to come at you again and again about what are you thinking of,
doing nothing about it, and why we should do anything about it
when the world’s largest economy is doing nothing. So I am very
happy to see that we have a chance to change that and to go back
and challenge the rest of the world to keep up with us.

Thank you.

[The prepared statement of Mr. Ackerman follows:]
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Mr. Chairman and members of the committee,

Thank you for the invitation to testify on my research on the costs of climate change.
This hearing comes at a crucial juncture — and not only because the new administration is
beginning to make changes in US climate policies. New tnitiatives are on the table, in
part, because there has been a fundamental shift in the terms of the debate, with the focus
of controversy moving from science to economics. In the realm of science, the influence
of the isolated handful of climate skeptics is rapidly waning; the world’s scientists have
never been so unanimous, and so ominous, in their warnings of future hazards.

While the climate science debate is approaching closure, the climate economics debate is
still wide open. Climate change is happening, it is threatening our future well-being — but
how much can we afford to do about it? The most powerful argument for inaction today
is no longer skepticism about the science, but rather the claim that the costs of reducing
emissions would be intolerable. The damage to the economys, it is alleged, would be
worse than the climate problem we are attempting to solve.

The economic argument for inaction is wrong on two counts: it exaggerates the costs of
reducing emissions, and it understates the harm that will occur if we continue to do little
or nothing about climate change. My testimony primarily addresses the second point, on
the costs of inaction.

On the first point, the costs of reducing emissions, Nicholas Stern’s detailed review of the
economics of climate change, for the British government, estimated that we need to
spend one percent of global income for several decades to bring carbon dioxide emissions
down to a relatively safe level. More recent studies of the costs of carbon reduction
technologies by McKinsey & Company, an international consulting firm, have led to very
similar estimates. The occasional claims of much higher costs are not nearly as well
researched and documented as the Stern and McKinsey estimates. Thus one percent of
global income is the best available estimate of the cost of solving the climate problem.

In contrast, my research shows that for the United States as a whole, even a partial
accounting of the costs of inaction exceeds one percent of GDP, and rises steadily over
time. For some parts of the country, such as Florida, a similar, partial accounting of the
costs of inaction reaches 5 percent of state income within this century. For particularly
vulnerable parts of the world, such as the islands of the Caribbean, the costs will be
disastrously greater — with one likely consequence being a much-increased flow of
refugees out of that region.

Damages that will result from inaction include (but are not limited to):
s the impacts of increasingly severe hurricanes
e more coastal property at risk from rising sea levels and storm surges
e increased energy costs for air conditioning as temperatures rise
® growing scarcity and rising costs for water
e losses in agriculture due to hotter and drier conditions
* losses of tourism revenue as weather conditions worsen
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A graphic comparison of the annual costs of action (one percent of GDP) versus my
partial accounting of the annual costs of inaction is shown in Figure 1. There are real
costs to reducing emissions; there are much worse, bigger costs to doing nothing. And my
analysis includes only a part of the benefits of taking action to reduce emissions.

Figure 1
Costs of action vs inaction
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The principal categories of costs of inaction that are estimated in my research are shown
in Figure 2 below, and described in my detailed testimony.

The farther we look into the future, the worse that the costs of inaction will become. The
longer we do nothing, the greater the risks of an irreversible climate catastrophe, such as
a massive rise in sea levels, that could make the world unable to support anything like the
current levels of population and economic activity. The costs and risks of inaction are
overwhelmingly worse than the moderate and manageable costs of an immediate effort to
reduce carbon emissions.
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Figure 2

Costs of inaction: four categories
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My detailed testimony draws on studies done at the Stockholm Environment Institute-US
Center, a research center at Tufts University, in which I have collaborated with another
economist, Dr. Elizabeth A. Stanton, as well as Ramén Bueno and Cornelia Herzfeld. For
more information on our research on climate economics, please see http://www.sei-
us.org/climate-and-energy/climate-economics.html . This website includes links to the
studies of the costs of inaction for the US as a whole', for Florida®, and for the Caribbean
region3 , which together form the basis for my testimony today. My overall perspective on
the economics of climate change is described in my recent book, Can We Afford the
Future? Economics for a Warming World (London and New York: Zed Books, 2009).

I will be happy to provide any additional information related to this testimony, and to
answer any questions that you may have about it.

Sincerely,

Dr. Frank Ackerman

! Frank Ackerman and Elizabeth A. Stanton, The Cost of Climate Change: What We’ll Pay if Global
Warming Continues Unchecked, May 2008, http://www.nrde.org/globalwarming/cost/contents.asp. See also
the more technical supporting document, Ackerman and Stanton, Climate Change and the U.S. Economy:
The Costs of Inaction, May 2008, http://www.sei-us.org/climate-and-energy/US _Costs of Inaction.doc.

* Elizabeth A. Stanton and Frank Ackerman, Florida and Climate Change: The Costs of Inaction,
November 2007, http://www sei-us.org/climate-and-energy/Florida_Inaction Cost.htm].

3 Ramén Bueno, Cornelia Herzfeld, Elizabeth A. Stanton, and Frank Ackerman, The Caribbean and
Climate Change: The Costs of Inaction, May 2008, hup://www.sei-us.org/climate-and-
energy/Caribbean_Inaction Cost.htm.
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Introduction: The Costs of Inaction

A scientific consensus has been reached: The earth’s climate is changing for the worse, as
a result of anthropogenic (human-caused) changes to the composition of the atmosphere.
If everyone works together, all around the world, to reduce the concentration of
greenhouse gases in our atmosphere, we can slow and even stop climate change. If we
fail to do so, the consequences will be increasingly painful — and expensive.

My research group’s analyses compare the economic consequences of two possible
climate futures: The business-as-usual case, the worst likely result of emissions that
continue to increase over time, unchecked by public policy, and the rapid stabilization
case, the best likely result of a program of rapid, ambitious worldwide abatement
initiatives.* It is too late to avoid all climate damages; even the rapid stabilization case
involves significant losses due to climate change. However, the difference between the
two scenarios — between the comparatively small losses under rapid stabilization and the
huge losses under business-as-usual — is avoidable if we act soon.” Failure to act means
that we will incur a much bigger and more painful climate loss rather than a smaller and
more bearable one. The difference between the two is the cost of inaction.

My testimony begins with our analysis of the costs of inaction for the U.S., and then turns
to our findings for Florida and for the Caribbean. A brief conclusion summarizes the
message and the meaning of this testimony for climate policy decisions.

* On many climate projections, the IPCC issues a range of possible forecasts, with estimates of probabilities
attached. Here we differ from the simple approach of reporting the median of the IPCC range. Since the
future will only happen once, and we want to know how bad the risks of future damages could be, the
median is misleading: there is a 50-50 chance that the future will be worse than that, perhaps much worse.
Instead, we use the upper (worst) limit of what IPCC calls the “likely” range of outcomes — which they
define to mean the 17" to the 83" pereentiles. That is, we report the 83™ percentile of [PCC forecasts,
generally using their rapidly growing A2 scenario to represent business as usual. Using similar logic, our
best case or rapid stabilization scenario represents the 17" percentile outcome of the more slowly growing
B1 scenario - or as good as it is likely to get, according to IPCC projections. Note that IPCC projects a one-
in-six chance that the worst case is worse, and the same odds that the best case is better, than our estimates.

3 Throughout our analyses we assume that the size of the economy and population will be the same in both
scenarios. This (perhaps unrealistic) assumption is useful in clarifying the meaning of our two cases, and
the contrast between them: all the economic differences between the business-as-usual and rapid
stabilization cases reflect different climate impacts applied to the same economy, not changes in the
underlying projections of output or population.
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U.S. Costs of Inaction: Business-As-Usual Scenario

In the business-as-usual case, the average annual temperature in most of the mainland 48
states will increase 12 to 13°F by 2100 - a little more in the nation’s interior, a little less
on the coasts. For a few areas of the country, the average annual temperature increase
will be near or below the global mean: for the Gulf Coast and Florida, 10°F; and for
Hawaii and U.S. territories in the Pacific and the Caribbean, 7°F by 2100. Alaska, like all
of the Arctic, will experience an even greater increase in average temperature than the
U.S. mainland. On average, Alaska’s annual temperature will increase by a remarkable
18°F by 2100, but temperature increases may be even higher in the northernmost reaches
of Alaska. Table 1 shows the progression of these temperature changes over time.

Table 1: Business-As-Usual Case: U.S. Annual Average Temperatures by Region

in degrees Fahrenheit above year 2000 tempsrature

2025 2050 2075 2100
Alaska ) 4.4 8.8 132 17.8
U.S. Central 33 6.6 9.9 131
U.S. East 31 6.1 9.2 12.2
U.S. West 3.1 6.1 9.2 122
U.S. Gulf Coast and Florida 2.4 4.9 7.3 9.7
Global Mean 2.2 43 6.5 BB
Hawaii and the Pacific 18 36 54 72
Puerto Rlco and the Caribbean 1.8 38 5.4 7.2

These temperature increases represent a fundamental change to the climate of the United
States. In the business-as-usual case, the predicted annual average temperature for
Anchorage, Alaska in 2100 — 53°F ~ is the historical annual average temperature for New
York City. Under this scenario, the northern tier of mainland states from Washington to
Maine will come to have the current climate of the mid-latitude states, those stretching
from Northern California to New Jersey. Those middle tier states will take on the climate
of the southern states, while the southern states will become more like Mexico and
Central America. Annual average temperatures in Honolulu and Phoenix will match some
of the hottest cities in the world today — Acapulco, Mexico and Bangkok, Thailand. The
United States’ hottest big citics, Miami and San Juan, Puerto Rico, will reach annual
averages of 85 and 87°F, respectively — hotter than any major city in the world today.

Changes in precipitation patterns are likely to differ for each region of the United States.
Alaska’s precipitation will increase by 10 to 20 percent, mostly from increased snowfall.
The Great Lakes and Northeast states will receive 5 percent more precipitation each year,
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mostly in winter. The U.S. Southwest, including California and Texas, will experience a
decrease in precipitation, down 5 to 15 percent, mostly from less winter rain. The U.S.
Gulf Coast and Florida will also receive 5 to 10 percent less rain cach year. There will
also be a higher risk of winter flooding, earlier peak river flows for snow and glacier-fed
streams; lower summer soil moisture and river flows; and a shrinkage of sea ice, glaciers
and permafrost. Climate change also affects storm intensity; specifically, Atlantic
hurricanes and Pacific typhoons will become more destructive.

Our estimates for sea-level rise under the business-as-usual case diverge somewhat from
the scenarios presented in the latest IPCC report. This area of climate science has been
developing rapidly, but the most recent advances were released too late for inclusion in
the IPCC process. Based on our rcading of this recent work, we use an estimate of 45
inches by 2100.°

We consider four case studies of the economic consequences of climate change under the
business-as-usual climate scenario for the United States:

1) increasing intensity of Atlantic and Gulf Coast hurricanes

2) inundation of coastal residential real estate with sea-level rise

3) changing patterns of energy supply and consumption

4) changing patterns of water supply and use, including effects on agriculture

These are far from the only consequences of climate change; the costs in these four areas
are only a partial accounting of the economic damage that will result from business as
usual. Nonetheless, costs in these four areas will, if present trends continue, amount to
$1.8 trillion (in today’s dollars), or 1.8 percent of U.S. output per year by 2100 in the
business-as-usual case. Once the much smaller, unavoidable costs under the rapid
stabilization case (discussed below) are subtracted, the “cost of inaction” or the
difference between the business-as-usual and rapid stabilization cases could be more than
$1.5 trillion or 1.5 percent of U.S. output per year by 2100.

Hurricane damages. In the business-as-usual scenario, hurricane intensity will increase,
with more of the most intense types of hurricanes occurring as sea-surface temperatures
rise. Greater damages from more intense storms would come on top of the more severe
storm surges that will result from higher sca levels. We consider three factors that are
expected to increase damages and deaths resulting from future hurricanes; each of these
three factors is independent of the other two. The first is coastal development and
population growth — the more property and people that are in the path of a hurricane, the
higher the damages and deaths. Second, as sea levels rise, even with the intensity of
storms remaining stable, the same hurricane results in greater damages and deaths from

® For details, see Frank Ackerman and Elizabeth A. Stanton, Climate Change and the U.S. Economy: The
Costs of Inaction, pp.7-8, http://www.sei-us.org/climate-and-energy/US Costs_of Inaction.doc.
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storm surges, flooding, and erosion. Third, hurricane intensity may increase as sea-
surface temperatures rise. Combining these effects togethet, the predicted increase to
U.S. hurricane damages for the year 2100 is $397 billion, or 0.39 percent of U.S. output
in the business-as-usual case.”

Rising sea levels. The effects of climate change will have severe consequences for low-
lying U.S. coastal real estate. If nothing were done to hold back rising waters, sea-level
rise would simply inundate many properties in low-lying, coastal areas. Even those
properties that remained above water would be more likely to sustain storm damage, as
encroachment of the sea allows storm surges to reach inland areas that were not
previously affected. In the business-as-usual case, the annual residential real estate losses
in the 48 mainland states rise to $360 billion or 0.35 percent of U.S. output by 2100. No
one expects coastal property owners to wait passively for these damages to occur; those
who can afford to do so will undoubtedly seek to protect their properties. But all the
available methods for protection against sea-level rise are problematical and expensive. It
is difficult to imagine any of them being used on a large enough scale to sheiter all low-
lying U.S. coastal lands from the rising seas of the 21st century.

Energy demand. Climate change will affect both the demand for and the supply of
energy: hotter temperatures will mean more air conditioning and less heating for
consumers — and more difficult and expensive operating conditions for electric power
plants. In the business-as-usual case, increasing average temperatures drive up the costs
of electricity above population and per-capita increases. Not surprisingly, electricity
demand rises most rapidly in the Southeast and Southwest, as those regions experience
more uncomfortably hot days. By the same token, our model projects that while the
Northeast and Midwest also have rising air conditioning costs, those costs are largely
offset by reduced demand for natural gas and heating oil expenditures. That is, speaking
very roughly, the colder half of the country nearly breaks even on energy costs,
experiencing reduced heating and increased air conditioning costs of the same magnitude.
The warmer half of the country, where heating costs are already small, suffers a
substantial net increase in energy costs due to rising air conditioning use.

Overall costs in the energy sector in the business-as-usual case, combining increased
costs for electricity and for new air conditioners, net of decreases in heating fuel costs,
add up to $141 billion per year by 2100, or 0.14 percent of projected U.S. output.

Water supply. In the business-as-usual future, problems of water supply will become
more serious, as much hotter and in many areas drier conditions will increase demand.
The average temperature increase of 12-13°F across most of the country, and the decrease

7 These numbers represent a 6 percent reduction from our previously reported hurricane damage estimates,
to correct a technical error in the original numbers that led to a 6 percent overestimate, pointed out by
Roger Pielke Ir. (personal correspondence).
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in precipitation across the South and Southwest, as described above, will lead to water
scarcity and increased costs in much of the country. Responses are likely to include
intensified water conservation measures, improved treatment and recycling of
wastewater, construction and upgrading of cooling towers to reduce power plant water
needs, and a reduction in the extent of irrigated agriculture. Extrapolating from the best
available past research, we find that the costs of business-as-usual for water supply could
reach $950 billion per year by 2100, while the anticipated gains in crop yields may be
small, and would in any case vanish by mid-century.

The annual costs of these four effects alone adds up to $1.8 trillion in 2100 or 1.8 percent
of U.S. output in the business-as-usual scenario, as summarized in Table 3 below. The
total cost of these four types of damages, however, only represents a lower limit on the
total cost of the business-as-usual scenario; many other kinds of damages, while also
likely to have important effects on the U.S. economy, are more difficult to estimate.
Damage to commercial real estate from inundation, damage to or obsolesce of public and
private infrastructure from rapidly changing temperatures, and losses to regional tourism
industries as the best summer and winter vacation climates migrate north - just to name a
few — are all likely effects of climate change that may be costly in the United States.
Effects on human health, natural environments, and endangered species add other
important climate damages, which are difficult or impossible to price.

U.S. Costs of Inaction: Rapid Stabilization Scenario

With immediate, large-scale reductions in greenhouse gas emissions, it is still possible for
changes in the world’s climate to remain relatively small. The rapid stabilization case is
an optimistic estimate of the impacts of the most rigorous policy prescription under
discussion today: “80 by 2050”, or an 80 percent reduction in U.S. emissions by 2050,
accompanied by a 50 percent reduction in total world emissions and continuing
reductions thereafter. By 2100 in the rapid stabilization case, U.S. temperatures rise by 2
to 4°F (see Table 2) and sea levels rise 7 inches, but precipitation levels and other
climatic trends remain at their historical levels.
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Table 2: Rapid Stabilization Case: U.S. Annual Average Temperatures by Region

in degrees Fahrenheit above year 2000 temperature

2025 2050 2075 2100
Alaska . 0.9 1.8 2.8 3.7
U.5. Centrai 0.8 15 23 3.0
US. East 0.7 . 1.4 2.2 29
U.S. West 07 14 2.2 2.3
U.S. Guif Coast and Florida 0.6 11 1.7 2.2
Glabal Mean Q4 0.9 1.3 18
Hawait and the Pacific 0.4 0.8 1.2 16
Puerto Rico and the Caribbean 0.4 0.8 1.2 1.6

A small change in annual average temperatures can mean a big difference to a local
climate. For example, the historical average annual temperature is 50°F in Boston, 53°F in
New York City, and 56°F in Washington D.C. The rapid stabilization scenario still
represents a significant change to local climates throughout the United States in the next
century. Three degrees Fahrenheit is a big change, but if it happens at a slow enough
pace, each locality should be able to adapt to its new climate. Of course, this adaptation
will not be costless.

The area of the United States that will suffer the most extreme impacts, even in the rapid
stabilization case, is Alaska, where glaciers, sea ice, and permafrost are already retreating
today, and an even greater upheaval to ecosystems, infrastructure, and industry can be
expected in the decades to come. U.S. Gulf States, Florida, Hawaii, and U.S. territories in
the Pacific and the Caribbean, in contrast, will experience smaller temperature changes -
much closer to the global mean — than the majority of U.S. states. On the other hand,
island and coastal regions are more exposed than the interior of the country to other
aspects of climate change, such as increased storm damages and sea-level rise.

Hurricane damages. In the rapid stabilization case, hurricane damages will be only
slightly worse than current conditions. U.S. hurricane damages for the rapid stabilization
case are projected to be $12 billion per year by 2100, over and above current average
damages.

Rising sea levels. In the rapid stabilization case, we assume that the value of U.S. coastal
real estate has grown in proportion to GDP, and that annual damages will be proportional
to sea level and to GDP. Using the projected 7 inches of sea-level rise by 2100,
residential real estate losses from inundation rise to $46 billion annually by 2100.

Energy demand. The milder changes in climate under the rapid stabilization scenario lead

10
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to modest net increases in energy costs, amounting to $8 billion by 2100.

Water use. As temperatures rise, more water will be needed for irrigatibn, power plant
cooling, household needs, and other uses. Moreover, a higher air temperature leads to
faster evaporation; this could outweigh the gains from moderate increases in rainfall in
some areas, leaving a smaller amount of water available in rivers and reservoirs. The
water sector costs for the rapid stabilization case reach $220 billion in 2100; this is an
important cost, but still far below the economic burden for water supply under business
as usual.

In the rapid stabilization scenario the annual costs of these four effects alone adds up to
$287 billion in 2100, or 0.28 percent of U.S. output, as summarized in Table 3 below.

U.S. Costs of Inaction: Summary

How much can we reduce these climate-induced losses by limiting our emissions of
greenhouse gases? It is, unfortunately, no longer possible to avoid all adverse climate
impacts. Some change from the pre-industrial climate has already taken place, and more
is bound to occur as a result of greenhouse gases in the atmosphere, as well as the
additional emissions that will be released in the very near future (too soon for policy
changes to take effect).

The cost of inaction is the difference between the estimates for the business-as-usual and
rapid stabilization cases, summarized in Table 3. The annual cost of inaction — the
difference between the two cases — reaches $1.56 trillion, or 1.53 percent of U.S. output
by 2100. And there are many other categories of costs that will be imposed by climate
change, beyond the four areas we have examined; the total cost of inaction is inevitably
much greater.

The costs we have estimated are not evenly distributed throughout the country. Hurricane
damages are experienced almost entirely in the southeastern coastal states, on the Gulf
Coast and the Atlantic (Pacific storms that affect Hawaii and the West Coast are not
included in this calculation). Sea-level rise, of course, affects coastal areas. Energy costs
are heavily concentrated in southern states; many northern states would enjoy reductions
in winter heating costs that are roughly comparable to increased summer electricity
expenses. Water supply costs are concentrated in areas that become drier than at present,
particularly the Southeast and Southwest. Costs experienced in Alaska and Hawaii, and in
Puerto Rico and other territories, are almost entirely omitted from these calculations.
Moreover, the problem of climate change will not end at 2100. Under business as usual,
the costs of inaction will continue to mount, more and more rapidly, as time goes on.
With rising temperatures there will also be an ever-increasing probability of catastrophic

1



change, far worse than our estimates of non-catastrophic damages. Collapse of the
Greenland ice sheet would lead to sea-level rise of more than 20 feet, destroying coastal
communities, industries, and infrastructure everywhere; collapse of the West Antarctic
ice sheet would be of a similar magnitude. No one knows exactly at what point this
would happen — but everyone knows that ice melts faster as it gets warmer.

In short, the estimates in Table 3 are a very partial accounting for the costs of inaction on
climate change. The total costs are uncertain in detail, but are sure to be larger than our

estimates.

Table 3: Costs of Inaction for Four Categories of Damages for the U.S.

in bitifons of 2006 dollars as a percentage of GDP
2025 2050 2075 2100 2025 2050 2075 2100

Hurricane Damages

Business-as-Usual $9 $40 $133 $397 0.05% 0.12% 0.22% 0.39%

Rapid Stabitization $1 $2 $5 $12 0.00% 0.01% 0.01% 0.01%

Cost of inaction 59 $38 $128 $385 0.04% 0.11% 0.22% 0.38%
Real Estate Losses

Business-as-Usual $34 $80 $173 $360 0.17% 0.23% 0.29% 0.35%

Rapid Stabilization $4 $10 $22 $46 0.02% 0.03% 0.04% 0.05%

Cost of Inaction $30 $69 $151 $314 0.15% 0.20% 0.25% 0.31%
Energy Sector Costs

Business-as-Usuat $28 $47 $82 $141 0.14% 0.14% 0.14% 0.14%

Rapid Stabitization $2 $3 $5 $8 0.01% 0.01% 0.01% 0.01%

Cost of inaction $26 $45 $77 $133 0.13% 0.13% 0.13% 0.13%
Water Costs

Business-as-Usual $200 $336 $565 $950 1.00% 0.98% 0.95% 0.93%

Rapid Stabilization $46 $78 $131 $220 0.23% 0.23% 0.22% 0.22%

Cost of inaction $154 $258 $434 $729 0.77% 0.75% 0.73% 0.71%
Total Costs for Four Categories

Business-as-Usual $271 $503 $953 $1,847 1.36% 1.46% 161% 1.81%

Rapid Stabilization $53 $93 $163 $287 0.27% 0.27% 0.28% 0.28%

Cost of Inaction $218 $410 $780 $1,561 1.09% 1.18% 1.33% 1.53%
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Florida: Higher Risks, Higher Costs

The costs of climate change, measured as a share of GDP, are lower for the U.S. than the
world as a whole. This is because the U.S. is colder than many parts of the world, is
better supplied with fresh water, and has an unusually large percentage of population and
economic activity in the interior of the country, far from the coastal damages caused by
hurricanes and sea-level rise. Yet the U.S., of course, is large and varied; in hotter, water-
stressed, and coastal states, nature and geography offer less protection against climate
change.

A case in point is Florida, where a currently comfortable climate has led to a booming
economy and fast-growing population - and where the risks and the costs of climate
change will be much worse than the national average. In an analysis parallel to our
national study, we found that a partial accounting of the costs of inaction on climate
change could amount to as much as 5 percent of Florida’s state income (gross state
product, or GSP) by the end of this century. As with the national estimates, this figure
excludes many important costs of climate change for which we could not develop
meaningful monetary estimates; and all the costs will become larger and larger as
temperatures continue to rise beyond 2100.

Our Florida analysis used the same climate projections and the same two scenarios as the
national study. Although the temperature changes projected for Florida are slightly
smaller than for most other states, they are still important: business as usual will make
Florida, on average, 5°F warmer than today in 2050 and 10°F warmer in 2100. The
winter, when temperatures are lowest, is currently the most popular time to visit Florida;
how much of the state’s appeal to visitors and residents will survive an increase in year-
round temperatures?

Three of our four categories of national cost estimates could be calculated for Florida;
each of them was, unsurprisingly, more serious in the Sunshine State than elsewhere in
the nation. The impacts of sea-level rise will be felt all along Florida’s lengthy coastline.
The calculation of residential real estate losses due to sea-level rise, performed exactly as
in the national study, yields a larger percentage of the state economy.

And it is not only residential property that is at risk. Data available for Florida made it
possible for us to perform a GIS analysis of the effects of 27 inches of sea level rise — a
level that will be reached around 2060 under business as usual. If nothing is done to
protect the coastline, 27 inches of sea level rise would put 9 percent of the state’s land
area, including the homes of 1.5 million people, under water. Of the two counties at the
southern tip of the state, Monroe County — including the Keys and most of the Everglades
—would lose 99.6 percent of its land area, while Miami-Dade County would lose 70
percent of its area.

13
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Statewide, the facilities at risk from 27 inches of sea level rise include
e 2 nuclear reactors;

3 prisons;

37 nursing homes;

68 hospitals;

74 airports;

82 low-income housing complexes;

o 115 solid waste disposal sites;

e 140 water treatment facilities;

e 171 assisted livings facilities;

e 247 gas stations

e 277 shopping centers;

e 334 public schools;

* 34] hazardous materials sites, including 5 superfund sites;
e 1,025 churches, synagogues, and mosques;

1,362 hotels, motels, and inns;
and 19,684 historic structures.

Florida’s long coastline is also exposed to hurricanes; serious hurricane damages are all
too familiar throughout the state. Insurance costs have skyrocketed following major
hurricanes in the recent past, forcing the state government to provide expensive subsidies
to homeowner insurance. The same method we used to estimate national hurricane
damages yields much bigger numbers, as a percentage of the economy, for Florida.

Likewise, the demand for electricity in Florida is strongly correlated with temperature on
an hourly basis, reflecting the extensive reliance on air conditioning. On the other hand,
there are virtually no heating expenditures to reduce as temperatures rise. As a result, the
state’s energy costs are projected to rise rapidly, along with the average temperature.

Florida is one of the wettest states in the nation, averaging 54 inches of rainfall annually,
and is well supplied with rivers, lakes, and underground aquifers. Nonetheless, heavy
agricultural water use for irrigation (both for growing fruits and vegetables during the dry
winter months, and for the well-entrenched sugar cane industry), along with rapid
residential and commercial development, has led to water shortages in many parts of the
state. Florida is already investing in expensive desalination plants to increase water
supply — and climate change will make the costs of water supply even higher. However,
we were unable to develop a numerical estimate, comparable to our national figure, for
climate-related water supply costs in Florida.

14
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We did, however, look at a fourth impact of climate change on the Florida economy: the
expected effects on tourism,® It is no secret that people from other states and countries
like to visit Florida; 10 percent of the state’s economy currently depends on tourism, with
a seasonal peak in the winter months when the temperatures are lowest. Climate change
will mean that winter temperatures will become more like current summer temperatures,
while intensified hurricanes and sea-level rise will erode sandy beaches and make the
outdoor tourist experience generally less pleasant.

Yet despite the winter peak, Florida has sizeable tourism revenues even in the off
scasons, drawn in part by indoor and non-beach-oriented tourist attractions. We projected
that by 2100, climate change under the business-as-usual scenario would reduce
tourism’s role in the Florida economy, throughout the year, to the level of the least
attractive season today. That is, by the end of the century, year-round tourism spending in
Florida (measured as a percentage of the state economy) would drop to the current level
of tourism in the autumn months, or 76 percent as high as the current annual average.
Thus we are conservatively projecting only a 24 percent decline in the relative
importance of tourism, over a century which includes 45 inches of sea level rise, 10°F
hotter temperatures, and more intense hutricanes. It is easy to imagine those business-as-
usual climate conditions causing much greater tourism losses.

With our assumptions, the decline in tourism is the largest component of our estimated
cost of inaction for Florida. Tourism losses account for about half of the state’s cost of

inaction; the four areas together reach 5 percent of GSP by 2100, as shown in Table 4.

Table 4: Costs of Inaction for Florida

in bilions of 2006 dollars, except percentages
2025 2050 2075 2100

Tourism $9 $40 $88 $167
Hurricanes $6 $25 $54 $104
Electricity $1 $5 $10 $18
Real Estate $11 $23 $33 $56
Summary: Costs of inaction

in billions of 2006 dollars $27 $92 $184 $345

as percent of Florida GSP 1.6% 2.8% 3.9% 5.0%

¥ We did not create a comparable estimate of tourism losses for the U.S. as a whole because the effect of
temperature and other climate changes is less clear over such a large and diverse area: for instance, would
Florida’s tourism losses result in net national losses, or in offsetting gains to other areas as tourism shifted
to other states?
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Maximum Vulnerability: Climate Costs in the Caribbean

Some parts of the U.S., such as Florida, will face larger climate costs than others. But the
worst climate impacts will be experienced in other countries that are uniquely vulnerable
to the anticipated changes. Low-lying coastal regions and, above all, small island nations,
are most immediately at risk.

In another study of the costs of inaction, we analyzed the expected costs of climate
change for 24 island nations and territories in the Caribbean. Data limitations did not
allow us to }garoduce an estimate that is strictly consistent with our U.S. and Florida
projections.” We did, however, estimate three categories of climate damages: increased
hurricane damages, infrastructure damages due to sea-level rise, and losses of tourism
revenues. The cost of inaction on climate change — the difference between the business-
as-usual and rapid stabilization scenarios — amounted to 10 percent of the region’s GDP
by 2050, and 22 percent by 2100.

While the average impact is large, the costs vary widely from one island to another. The
largest, most diversified and least tourism-dependent economies, such as Puerto Rico and
Trinidad and Tobago, face lower than average projected damages, as do a few of the
smaller islands that lie outside the usual path of hurricanes, or rise well above sea level.
On the other hand, greater than average damages are projected for low-lying islands, and
those that are frequently struck by hurricanes. Rising sea levels and increased intensity of
hurricanes will make some islands unattractive to tourists, if not entirely uninhabitable to
the local population. For some islands that are heavily dependent on tourism, the
expected losses of visitors and revenues due to climate change will all but destroy the
local economy.

Haiti, the poorest nation of the region, is also projected to suffer overwhelming damage
to its infrastructure, which it will be unable to afford to replace — a projection that is sadly
consistent with that country’s experience of recent storm damages. The destruction of
some Caribbean economies by climate change will lead to increased migration out of the
region, and the United States will be one of the most likely destinations for the new
climate refugees. Thus even in the narrowest terms of self-interest (let alone a broader
and more reasonable humanitarian perspective), we cannot view the destruction of
Caribbean nations by climate change as merely someone else’s problem.

® The U.S. and Florida projections discussed above include projections of expected growth in population
and incomes, based on standard government sources. For the 24 disparate political jurisdictions in the
Caribbean study, no such economic and demographic projections were available. Therefore, following the
example of an earlier World Bank study of some of the Caribbean islands, we assumed no change in
population or per capita income for the region. In cases where projected damages grow at the samne rate as
GDP, our estimates for damages as a percentage of GDP will remain valid under a range of growth rates.
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Conclusion: We Can’t Afford the Costs of Inaction

There are real costs involved in taking immediate and forceful action to reduce carbon
emissions and control the risks of climate change. The best-researched estimates, such as
those from Nicholas Stern, or from McKinsey & Company, suggest that roughly one
percent of world output needs to be spent on climate mitigation, for some years to come.
This is not an amount that should be spent lightly, without careful analysis and planning.

Yet the costs of emission reduction will be a bargain, compared to the high and steadily
rising costs of inaction. The message of my research, as summarized in this testimony, is
that for the United States as a whole, even a partial accounting of the costs of inaction is
above one percent of GDP by 2025, and grows steadily worse as time passes and
temperatures rise. The most vulnerable parts of the country, such as Florida, face
proportionally much greater risks, with a partial accounting of the costs of inaction
exceeding five percent of that state’s income by the end of this century. Just next door, in
the Caribbean, some of the world’s most vulnerable nations face more extreme damages,
in some cases amounting to near-total destruction of islands and their economies, from
the projected business-as-usual climate impacts within this century. This should be
viewed by Americans, not just as a loss of exotic vacation opportunities, but as a
humanitarian crisis in our backyard, and a likely source of increasing numbers of
desperate refugees arriving on our shores.

The bottom line is clear: the cost of taking action to reduce emissions is an offer we can’t
afford to refuse.
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Mr. MARKEY. Thank you very much. I very much appreciate your
testimony.

And now we will move to our final witness, who is Dr. Patrick
Michaels. Dr. Michaels is a senior fellow of environmental studies
at the Cato Institute. He is also a research professor of environ-
mental sciences at the University of Virginia and visiting scientist
with the Marshall Institute in Washington, D.C. Thank you for
joining, Dr. Michaels. Please proceed with your testimony.

STATEMENT OF PATRICK J. MICHAELS, SENIOR FELLOW IN
ENVIRONMENTAL STUDIES, CATO INSTITUTE

Mr. MicHAELS. Thank you, Mr. Chairman. I would also like to
thank the subcommittee for inviting my testimony on the impacts
of climate change. The subcommittee is asking very important
questions: what are the implications of climate change for national
security, economic development and public health. But before pro-
viding informed opinion on the costs of climate change, one must
have confident predictions of climate change itself.

[Slide shown.]

On my first slide, if I could, one, proceed from changes in atmos-
pheric composition to changes as modeled by climate models, and
then, ultimately, to the impacts. What I would like to examine is
what is going on with our climate models. We often hear that the
science is settled on global warming. In fact, this is far from the
truth. Our models are not, repeat, not simulating global tempera-
ture trends in recent decades.

[Slide shown.]

Here I am going to examine in the next slide the ensemble of 21
models used by the United Nations’ Intergovernmental Panel on
Climate Change for their midrange projection of carbon dioxide
emissions, and the world has been going along with this emissions
scenario. The changes in concentration in the atmosphere have
been very close to these estimates. Note that the behavior of the
models is linear. They tend to predict a constant rate of warming.
This is from 2000 to 2020. The individual models vary quite a bit
from model to model and in fact some models can even have cooling
trends in them for certain periods of time.

[Slide shown.]

The next slide shows the observed temperatures since the second
warming of the 20th century started in the late 1970s. One of the
things that you see is it actually too is constant, despite this much
talked of peak in 1998, which is clearly a high point in the record
as a result of solar activity, in addition to an El Nino and pressure
from greenhouse warming.

Now, what I am going to do is, I am going to give us the range
of predictions from each model, next slide. From all 21 models, I
ran them for various periods of time, 5-year trends, 6-year trends,
7 years and out to 15-year trends. The bottom line is the 2nd per-
centile of warming. The top line is the 97.5 percentile. So this is
the 95 percent confidence range in the climate models, and the
solid black line are the observed temperature trends for the last 5
years, 6 years, 7 years, et cetera, on out to 15 years. You can see
that they are running at or below the bottom limit of the model’s
confidence. This is not very good, and unfortunately tells us that
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we are undergoing a systematic failure of our midrange models in
recent decades.

[Slide shown.]

The next slide shows what happens as this persists. Assume that
the temperatures in 2009 globally are the same as the average for
2008. That is a reasonable assumption because we are in what is
called a La Nina, which is a relatively cool period, and the addition
of yet another year to these 15-year trends gives you everything
below the 95 percent confidence level. It is very unfortunate but it
tells us a lot that we need to do. Now, everybody knows that the
behavior of the last 10, 12 years seems to be a bit unusual, so let
us extend this analysis in the next slide to the last 20 years, if we
could. That would be in the next image. There you go.

[Slide shown.]

We have to take out the effect of Mt. Pinatubo, which occurred
in 1991 and introduced a cooling at the beginning of the record so
there was a rapid warming that was induced that biases that
record. The models themselves do not have volcanoes in them so an
apples-to-apples comparison takes that out and you can see again
that the observed temperature range, now with trends on out from
14 to 20 years, is falling below the 95 percent confidence level.
What do we say? One implicit assumption about calculating the
costs of inaction is that we know that reasonable confidence with
the climate change will ensue as carbon dioxide accumulates in the
atmosphere. This demonstration shows that oft-repeated mantra in
Washington, “The science is settled” is not true at all. More impor-
tant, the rates of warming on multiple time scales are invalidating
the midrange sweep of IPCC models.

This is a problem that has received very little attention but it is
very germane to this committee. Until we know, until we have
models that in fact accommodate the behavior of recent decades, we
appear to be overestimating the rate of climate change. As you can
see, it is all at the lower end, where the observations are. If climate
change is overestimated, then so are the impacts of that change,
and that is something we must pay attention to as we address this
issue. Thank you very much.

[The prepared statement of Mr. Michaels follows:]
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This Subcommittee asks important questions: What are implications of climate change
for national sccurity, economic development and public health?

The answers to the important questions about the implications of climate change are
driven by a series of computer models and mathematical simulations. First, one estimates
changes in climate. Then these changes are input into a series of subsidiary models to
estimate their impact. Finally, one compares putative costs of the climate change
compared to the costs of mitigation by reduction or stabilization of the concentration of
atmospheric carbon dioxide.

We often hear that “the science is settled” on global warming. This is hardly the case.
While almost all scientists agree that global surface temperature is warmer than it was a
century ago, there is considerable debate about the ultimate magnitude of warming, as
evinced by the broad range of future mean surface temperature given by the United
Nations’ Intergovernmental Panel on Climate Change.

The primary drivers of the impact models are therefore the models for climate change
itself. I must report that our models are in the process of failing. When I say that, I mean
the ensemble of 21 models used in the midrange projection for climate change by the
IPCC. I am an active participant on this Panel, providing extensive reviews and comment
on several iterations of their scientific summaries, as well as invited text for their Second
Assessment.

If it is demonstrable that these models have failed, then there is no real scientific basis for
any estimates of the costs of inaction. [ will now perform that demonstration.
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Remember this: a climate model is really nothing more than a scientific hypothesis. 1f a
hypothesis is consistent with observations, then it is standard scientific practice to say
that such a hypothesis can continue to be entertained. In this case, that hypothesis can
then serve as a basis for other subsidiary models or, in reality, subsidiary hypotheses.

If the hypothesis is not consistent with observations, it must be rejected. That does not
mean that human-induced climate change may or may not be real, but it does mean that
(in this case) the magnitude of prospective change has—with high probability—been
overestimated. That means that all subsidiary hypotheses on economic costs, strategic
implications, or effects on health are similarly overestimated.

Figure 1 shows the various model projections for the IPCC “A1B” emissions scenario for
the period 2000-2020. This is the “midrange” estimate. Actual emissions rates that are
above these values will produce higher projected rates of warming, and vice-versa for
lower ones. The actual accumulation of carbon dioxide in the atmosphere, in parts per

million, has been very close to the A1B estimates, so it serves as a very useful point of
analysis.

Temperature Anomaly (°C})

2000 2005 2010 2015 2020
Year

Figure 1, Climate model projections (colored lines) and climate model ensemble mean (black circles)

of global average surface temperature anomalies, 2000-2020, under the IPCC AIB emissions
scenario.

Figure 2 shows the observed surface temperatures from the University of East Anglia
record since the second warming of the 20" century commenced in 1977. This history,
designated HadCru3, and its predecessor versions, are the most cited histories by the
[PCC. For designation, I refer to this as the [PCC surface data hereafter in this testimony.
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Figure 2. Annual global average temperature anomalies, 1977-2008, from the HadCru3 temperature
history.

Several things should be apparent.

First, the ensemble behavior of the A1B models is largely linear in this time frame. In
other words, the tendency of both the individual models (colored lines) and the average
of the models is a constant rate of warming. Indeed, the observed warming in the
HadCru3 record, back to 1977 (when the second warming of the 20" century
commences) is also constant. This is true despite a lack of overall trend since 1998, but it
is noteworthy that 1998 was an obvious high point in the observed record because of a
strong El Nino and an active sun, in addition to the warming pressure from increasing
carbon dioxide.

We now cxamine the distribution of warming trends within the 21 A1B models for
various time periods. We use the set of models available at http://climexp.knmi.nl/, a
standard reference. The models begin in 2001 and end in 2020. Note that the modeled
warming rates in the first half of this period, which we are nearly through (by 2010}, are
the same as they are in the second half. In other words, the modeled rate of warming is
constant.

We first analyze various modeled trends beginning with a five-year window and then on
up to 15 years, using the 2001-2020 reference period. We ran successive monthly
iterations of each model. Consequently the sample size is very, very large. The results
are shown in Figure 3.
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Figure 3. Climate model 95% confidence range of projected surface temperature trends of varying
lengths (gray area) and the current observed values for these trends (through December 2008) (black
line).

We then calculated the percentile ranges of temperature change for the model ensembles
at the .025 level on both the “warm” and “cold” sides of the model distributions. This is
analogous to the 95% confidence bounds for the model ensemble. Generally speaking,
hypotheses are either rejected or continued to be entettained at the .95 level, so our test of
the models is consistent with normal scientific practice.

Also in Figure 3 are the observed temperature trends for periods from five to fifteen years
from the IPCC history, ending in December, 2008. It is very clear that temperatures are
running at the lower limit for the .95 confidence level. In other words, the ensemble of
the AIB models is failing.

While much ado has been made about the lack of warming from 1998 through now, the
analysis is clearly quite stable across other trend periods. However, the longer that the
current regime persists, the worse the models fail. Figure 4 assumes that 2009 mean
surface temperatures are the same as 2008, which is a very reasonable assumption at this
time. We are currently in the cold phase of El Nino, called La Nina, which decreases the
likelihood that this will be a very warm year.
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Figure 4. Climate model 95% confidence range of projected surface temperature trends of varying
lengths (gray area) and the expected values for these trends assuming the temperature in the coming
year is similar to the temperature in 2008 (black line).

In Figure 5, we run the analysis for the last 20 years of observed IPCC temperatures
{1989-2008), rather than the last 15. There is a clear warming trend in this period, but,
again, it is so low as to fall again along the .95 level. The ensemble model failure is not a
product of the selection of recent years; rather it is a systematic failure of the models as a
whole to accommodate temperatures in recent decades.
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Figure 5. Climate model 95% confidence range of projected surface temperature trends of varying
lengths (gray area) and the current observed values for these trends (through December 2008) (thick
black line) and when the observations are adjusted to account for the impact of Mt. Pinatubo (dotted
black line).

The failure becomes even more obvious when the effect of the 1991 eruption of Mt.
Pinatubo is removed. This results in a more appropriate comparison of the model
ensemble with observations because the models themselves contain no volcanoes. Being
near the beginning of the 20-year analysis period, Pinatubo introduced a temporary
cooling early in the study, which results in more “apparent” warming than was observed.
As a consequence of this adjustment, the observed temperature trends fall away from the
.95 level for trends of 15 to 20 years in length.

“The Science is Settled”?

One implicit assumption in calculating the “costs of inaction” is that we know with
reasonable confidence indeed what climatic changes will ensue as atmospheric carbon
dioxide concentrations increase. With regard to climate, we often assume a common
Washington mantra: with regard to global warming, “the science is settled”.

This demonstration shows how far from the truth this oft-repeated sentence actually is.
One can say this. “The science is settled” inasmuch as surface temperatures have
increased from the late 1970s. That this is shown in the surface record has not been in
dispute, so claiming some finality for such a truism is hardly noteworthy. What is true,
however, is that the rates of warming, on multiple time scales, have now invalidated the
midrange suite of IPCC climate models. No, the science is not settled. In fact, judging
from these results, it’s time for climate scientists to get back to work and generate models
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which will be able to estimate the recent past and present within their normal confidence
ranges.

Until that is done, all we know is this: calculations of the costs of inaction, based upon
models that are clearly overestimating warming to the point that they can no longer be
relied upon, are likely to be similarly overestimated. In that eventuality, the costs of
drastic action can easily outweigh the costs of a more measured response, consistent with
what is being observed, rather than what is being erroneously modeled.
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Comparison of Model Projections and Observed Temperature Trends
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Mr. MARKEY. Thank you, Dr. Michaels, very much. The chair will
now recognize himself for 5 minutes for a round of questioning.

Professor Schrag, you just heard what Dr. Michaels said. He is
basically saying we just shouldn’t worry as much about global
warming because it is not going to be as bad as the models pre-
dicted. Your quick response to that?

Mr. SCHRAG. Well, I think it flies in the face of all of our knowl-
edge, both about earth history—we can actually get a very good
sense of the sensitivity of the earth’s climate to changes in carbon
dioxide from looking at the past over various time scales, over ice
ages, or even back millions and tens of millions of years, and the
general answer we get is in fact that the models tend to be less
sensitive than the real world. It is very clear from that estimate
that in fact we are in for bigger trouble.

Looking at the last 2 decades is a very tricky thing, what Dr. Mi-
chaels was talking about, simply because we also have sulfate
aerosols that we are putting out from burning a lot of coal, espe-
cially now that China is burning so much coal and putting sulfur
dioxide into the air. That counteracts the effect of CO», and because
we don’t know that number very well, it means that we don’t un-
derstand the rate of forcing perfectly, but it would be a deep mis-
take to think that that should give us comfort. In fact, the opposite
conclusion is the case. If in fact temperature has not warmed as
much because of sulfur emissions, sulfur doesn’t last in the atmos-
phere very long, whereas carbon dioxide lasts for hundreds of years
and that means we are in for a big shock in the decades ahead.

Mr. MARKEY. Thank you, Professor Schrag.

General Sullivan, you were Army Chief of Staff back in the early
1990s and I know you had decisions to make about Somalia at that
time and the events that ultimately led to “Blackhawk Down,” the
movie. Could you talk a little bit about climate change, Somalia,
Darfur, that whole region in terms of how, as a military group, you
were analyzing the climate change data?

General SULLIVAN. Well, as you stated, Somalia, Darfur, that
part of Africa has been buffeted by drought for years. The drought
enabled, frankly, the warlords to start controlling food aid that was
going in. They were controlling the food, selling the food to their
people. That created the deaths of other tribes that weren’t sup-
ported by the warlords, which created instability and it enabled,
frankly, Somalia to move on to where it is a failed state now, and
as we all know, you now have privates operating out of Darfur,
which are destabilizing the Gulf of Aden and the Red Sea. It is all
related to the same thing which is going on in Darfur, where you
have migratory farmers, herders superimposing themselves on the
top of farmers and it is a vicious cycle.

Mr. MARKEY. And you relate this to drought that leads to famine
ultimately caused by this climate change phenomenon?

General SULLIVAN. Absolutely we can, and when we see the
Himalayas, as was mentioned by Dr. Schrag, when we think about
the water loss there, you can see the same picture in Bangladesh,
India, Pakistan, and elsewhere, not to mention, by the way, Israel,
Jordan, the Palestinians. The water in that part of the world comes
from the Jordan River, and it is all related.

Mr. MARKEY. Thank you, General Sullivan.
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Mr. Woolsey, could you expand upon General Sullivan’s point
with regard to the national security implications for our country if
we see deterioration because of climate change in these regions of
the world?

Mr. WooLsEY. Mr. Chairman, it can hit us very close to home.
One of the fastest set of melting glaciers is apparently in the
Andes, and if we think we have trouble coming up with a sound
and agreed-upon immigration policy for the United States now,
what is it going to be like if our southern borders are seeing mil-
lions of our hungry and thirsty southern neighbors headed toward
temperate climates? Also, from the point of view of our being able
to ameliorate some of the terrible events from weather pattern
changes and so forth, such as the U.S. armed forces did, particu-
larly the Navy, so well in response to the tsunami in Indonesia a
few years ago, it is going to be very difficult for any country, even
us, to shoulder much of a humanitarian burden if we are seeing di-
rect and immediate effects that we have to deal with that stress
our own systems here.

I chaired the policy panel for a defense science board study last
year that was chaired by former Secretary of Defense Schlesinger,
and our report called “More Fight, Less Fuel” is on the defense
science board Web site. It might be worth the committee having a
look at because it talks about the interaction of energy policies and
the capabilities of the armed forces, and there is a classified annex,
which the committee certainly can have access to, I am sure,
through the Defense Department, and I can tell the staff about
that.

Mr. MARKEY. And Mr. Woolsey, you would recommend that the
members see that classified annex because it does relate to climate
change and it impact on

Mr. WOOLSEY. It does.

Mr. MARKEY [continuing]. National security?

Mr. WoOLSEY. It relates principally to specific vulnerabilities of
our military as a result of things like electricity grid vulnerability.

Mr. MARKEY. My time has expired.

Mr. WooLSEY. But that is one of the subjects, but the classified
part deals mainly with that.

Mr. MARKEY. Thank you, Mr. Woolsey.

The chair recognizes the gentleman from Michigan, Mr. Upton.

Mr. UproN. Thank you, Mr. Chairman, and I want to make a
couple of comments and get the reaction from you all. First of all,
General Sullivan, your statement, energy alternatives to reduce re-
liance on fossil fuels needs to be a priority, is one that I think most
of us share, and I appreciated that.

Admiral Woolsey, we have had some briefings, I guess you could
say, in the last year about the vulnerability of our grid and what
terrorists might be able to do, and I would hope that if this stim-
ulus package passes, that some of those concerns can be addressed
in terms of the smart grid. Maybe that is something that we need
to have a hearing on at some point later this year. It came to a
head last year with Chairman Boucher.

Mr. MARKEY. We will do that.

Mr. UpTON. But I would like to just make a couple of comments.
We haven’t done just nothing. In my view, we have actually done
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a lot, and Dr. Ackerman, you shouldn’t be embarrassed by the lack
of activity when you look at the progress that our country has
made. Until this year, we have had a growing economy, growing
population, and we have tried to figure out how we are going to be
prepared by the year 2030, when our electricity use is expected to
go up as much as 40 to 50 percent. We have done a lot on conserva-
tion. We are focused on renewables. A number of States, including
mine, now have an RFS standard. Texas is another State that has
done the same thing. With maybe the exception of Nantucket, we
are actually doing something about wind but we will deal with that
Massachusetts issue another day. Nuclear has been to me, I have
been embarrassed. I have been embarrassed about the lack of
progress on nuclear, that we haven’t actually turned that switch
back to green after 20-some years. We made progress on autos. I
know the chairman and I were both at the auto show here in D.C.
this last week, and it is amazing to see some of the new cars that
are going to be in the showroom not only this year but in the fu-
ture and you look at some of the electric hybrids that the Big Three
are developing, all to be in the showroom by some time next year.

We have seen great strides on appliance standards, building
standards, Jane Harman, my colleague, on light bulbs, who is here,
those kick in within a couple years and we are going to save tons
of carbon from being emitted into the atmosphere, and it was some-
thing that we worked on together.

FutureGen, I think there is money in the stimulus package for
FutureGen, and I hope that that works. I am a very strong sup-
porter of clean coal, and I would say that we are probably doing
more as a Nation on carbon capture than just about anything else.
In the hearing that we had with U.S. CAP a couple weeks ago, you
know, they are hoping by 2015 we are going to have an answer.
Again, we are the leaders on that technology.

And when you look at that, since 2002, despite, you know, we
have had a growing economy, our greenhouse gas intensity has ac-
tually fallen by an average of about 2 percent per year from the
year 2002 to 2007. When you counter that with what has happened
in the E.U., it came up with a scheme, as Mr. Gore would say, on
cap and trade and their emissions have actually gone up, not gone
down. So our concern, when you look at these statistics, the United
States emits about 5%z billion tons of energy based on CO, each
year. The developing world does 14 billion tons, almost three times
as much. By 2030, we are going to increase allegedly by about 2
billion tons annually but again the developing world is going to go
up by another 12.8 billion, or six times what we are expecting to
do. Now, we need incentives for clean energy. I think we can do it.
We need to be on that path, but what happens if the developing
countries, China and India, China now the world’s largest emitter,
what if they don’t follow that track? My State is so hard hit, we
are devastating by the job losses and our economy is just totally
in the tank, and I can just see that this will be yet another incen-
tive for those jobs and economic opportunities to go someplace else.

I don’t know who would like to respond to that but I wouldn’t
be embarrassed. I think we have been on a road of progress, and
I look forward to continuing that road of progress, to have the in-
centive to actually see us get to the conclusion that certainly Gen-
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eral Sullivan would like us to see. In my remaining time, who
would like to respond?

Mr. MARKEY. The gentleman has 2 seconds left for the panel to
answer. We will give one person down here a chance to respond.

Mr. WoOOLSEY. First of all, Congressman Upton, thanks for the
promotion but I never got above captain——

Mr. UptoN. All right. I am sorry.

Mr. WOOLSEY [continuing]. In General Sullivan’s organization,
the Army. I think you make a good point. In our own way, we have
made some progress in a number of these areas but we haven’t al-
ways chosen the most effective way to do it. For example, the re-
newable portfolio standard has some positive features but you get
just as much credit for moving away from natural gas to renew-
ables as you do moving away from coal, whereas if you had a feed-
in tariff, you would have a lot more incentive, I think, to move, not
only for large facilities like, say, solar power plants and wind farms
but also to distribute it a generation. I think it is a far superior
mechanism. The Germans have shown how well it works in Ger-
many. So we haven’t really picked, I think, in many circumstances
the mechanisms that can move us quickly, and I agree with you
very much about plug-in hybrids. I drive one myself, and the infra-
structure I picked up at Walmart for $14.95. It is an orange exten-
sion cord, and that is all the new infrastructure you need for a
plug-in. It is a pretty good deal.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Utah, Mr. Matheson.

Mr. MATHESON. Thank you, Mr. Chairman.

Professor Schrag, one of the issues that Congress is going to have
to deal with if it puts together a cap-and-trade bill is setting the
targets from year to year and what the shape of the curve is going
to be over time, and the panel today has talked about a sense of
urgency about wanting to take action, and I think you have heard
a lot of folks, Members of Congress, also acknowledge that sense
of urgency. But we have got this challenge because there are cer-
tain technologies out there that are not at the level of maturity
that we would like them to be for us to have real certainty about
our ability, whether it is carbon capture and sequestration, wheth-
er it is alternative fuels, cellulosic ethanol, whatnot, so I wondered
if you could talk to me for a bit about your thoughts about what
the shape of the curve should be. If you don’t know what specifi-
cally what the shape is, how should we decide what those targets
should be from year to year?

Mr. ScHRAG. I think that is a very good question. I think that
there clearly there needs to be, and economists and scientists
would both agree, that there clearly needs to be a price on carbon,
but putting a price on carbon too quickly too high would have a bad
effect because, as you said, some of the major technologies that are
going to be necessary to meet these challenges aren’t really dem-
onstrated yet, and what that means in practical terms is that
banks and financial institutions aren’t willing to invest in those
projects.

So I think there is a two-prolonged approach. One is, I think
through the stimulus package and additional things that this Con-
gress will do over the next 2 years, we need to see government sup-



122

port, perhaps loan guarantees, for getting some number, a dozen,
10, 20 major projects in these categories, carbon capture and stor-
age, synthetic fuels that are clean, that are low carbon and are cap-
ital intensive, and we need to demonstrate to the market that these
technologies can work. Find out what works and find out what
doesn’t work and find out what it really costs. We need to build
some nuclear plants and figure out what they really cost. But it is
also very important in setting the price on carbon through a cap
and trade or whatever additional mechanisms are used by this
Congress that you forecast to the market that the long-term price
is going to rise because unless that is done, you won’t get the right
type of investment in technology. It is very important that I think
you start out with a low price that doesn’t really hurt our industry
in the short run, but in the long run that price has to rise and we
have to forecast that it will rise.

My final point is the concern that the Congressman from Michi-
gan and many others have expressed of loss of jobs overseas. It is
a very serious issue. I actually think the best way to get China and
India engaged is to take a start and focus on the technologies that
will apply to their economies, and there are some trade issues that
we could deal with, like a non-discriminatory tariff that would level
the playing field, much more easier to enforce if we got together
with the E.U. and then went to China and India and talked. I
think those are very interesting ideas that need to be explored.

Mr. MATHESON. I think your ideas have merit but I have to say,
it also still points out this challenge that we have of, you have
talked about the notion of perhaps government-sponsored efforts to
encourage how we learn about these technologies over the next cou-
ple years and yet we are talking about moving a bill this year that
is going to set these cap levels and these targets year by year. But
we won’t have that information yet in the next 2 or 3 years or how-
ever long it is going to take to develop those technologies, and I
don’t know if I am asking you another question or just pointing out
thehchallenge I think we face here in terms of trying to get this
right.

Mr. ScHRAG. I think that the low-hanging fruit in all of this is
energy efficiency. It is probably negative cost, or at least it is not
extremely expensive. It makes us leaner and more competitive
around the world, and I think the initial impact of a low price on
carbon through a cap-and-trade bill is going to be a huge invest-
ment in energy efficiency and that is great for the U.S. economy
and its competitiveness. Some of the bigger, deeper cuts down the
road as the cap tightens in the future will come from these other
technologies and that means separate from the cap and trade. We
have to get some of these technologies built, not just at a dem-
onstration scale, but at a real commercial scale so we can see what
happens.

Mr. MATHESON. Mr. Woolsey, you mentioned the last time about
the feed-in tariff in Germany. Could you explain that a little more
to the committee right now?

Mr. WoOOLSEY. Yes, I will say very briefly, Congressman Inslee
has forgotten more about that issue than I will ever know so he
is one of the resident experts up here but the Germans came up
with this mechanism, and it has been adopted in a number of other
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countries to guarantee a reasonable price for generation of renew-
ables that one has a right to whether one is a small rooftop gener-
ator, photovoltaics on the roof of the farmhouse like I have on mine
or whether one sets up a large number of solar panels, let us say,
in a retirement complex for hundreds of homes. In most of the
United States, the utilities and the public utility commissions have
a mindset that the way to produce electricity is to build big power
plants and string transmission lines and distribution lines. They
have been doing that for well over a century. They know how to
do it and these are the policies they implement. What a feed-in tar-
iff does is say if you are doing renewables, you can get paid a rea-
sonable price by the utility in order to send back to the grid a cer-
tain amount of renewable power, and it may be a relative large
amount if you are a small corporation, or it may be a small amount
if you are a household. In much of the United States, you can do
what we do at our farm. You can run your meter backwards to zero
by having photovoltaics on the roof, but you can’t make money, and
the Germans have figured out, I think better than anybody else,
how to incentivize renewables with a relatively simple process. It
is easier for them because they have—our electricity is largely done
State by State, not everything, but a lot, but that is a broad outline
of the issue.

Mr. MATHESON. I appreciate it.

Thank you, Mr. Chairman. I yield back.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Kentucky, Mr. Whitfield. I am sorry. I
did not see the gentleman. The chair, with the indulgence of Mr.
Whitfield, will recognize the ranking member of the full committee,
Mr. Barton.

Mr. BARTON. Thank you, Mr. Chairman. I am such a shrinking
violet, it is easy to overlook me.

I want to start out with Dr. Michaels by complimenting you on
being here, and I want the record to show that the rules of the
committee ostensibly require that there be two Minority witnesses,
or a third of the witnesses be Minority, which if you take six wit-
nesses, we should have two Minority, but Dr. Michaels is our only
one, so it is five to one, which we appreciate you being the one, Dr.
Michaels, for showing up.

Mr. HALL. Would the gentleman yield?

Mr. BARTON. I will at the end of my time if we can get a little
extra time.

Mr. HALL. I may forget what I am going to ask you by that time.

Mr. BARTON. All right. I will yield. I only have 4 minutes.

Mr. HALL. I just wondered if you knew that the chairman had
four, and when he found out Dr. Michaels was really going to be
here, that he added Professor Schrag and made it—it must really
say something for Dr. Michaels.

Mr. BARTON. That is one way to

Mr. HALL. I yield back my time.

Mr. BARTON. Anyway, Dr. Michaels, you are an active official of
the U.N. Intergovernmental Panel on Climate Change. Is that not
correct?

Mr. MICHAELS. Yes.




124

Mr. BARTON. OK. So you are not some out in right field guy who
is just observing, you are active in the participation of the IPCC?

Mr. MICHAELS. Yes.

Mr. BARTON. These models that you refer to in your testimony,
for lack of a better term, they are the official models of the U.N.?

Mr. MicHAELS. The U.N. uses three suites of models that they
concentrate on in their latest report. The one I looked at was the
midrange suite because that is the one at which the concentrations
of CO; that are in the atmosphere resembles the most.

Mr. BARTON. But these aren’t models sponsored by Exxon-Mobile
or—

Mr. MICHAELS. No.

Mr. BARTON. These are the official UN.——

Mr. MiCHAELS. There are

Mr. BARTON [continuing]. Subset of-

Mr. MICHAELS [continuing]. Twenty-one different models that
they use.

Mr. BarTON. OK. Now, I’'m going to read from your testimony,
or at least paraphrase from your testimony. We often hear that the
science is settled on global warming. This is hardly the case. There
is considerable debate about the ultimate magnitude of warming.
I must report that our models are in the process of failing. When
I say that, I mean that the ensemble of 21 models used in the mid-
range projection for climate change for the IPCC. If it is demon-
strable that these models have failed, then there is no real sci-
entific basis for any estimates of the cost of inaction. Now, why do
you say that the models are failing? And again, these are the offi-
cial U.N. climate change models. These aren’t some business-spon-
sored, anti-climate change models, these are the ones that every-
body is basing their so-called projections on. Why do you say they
are failing?

Mr. MicHAELS. What I did is, I looked at the range of projections
made by these models and I looked at them for multiple, multiple
iterations. For example, I used 20 years of models and for 5-year
projection ranges, I moved forward 1 month beginning at 60
months and then 1 plus 61, etc. It was a very, very large sample
size that can give you the distribution of warming rates for dif-
ferent lengths in time predicted by the models and then you can
compare that to the observed warming rates for the last 5 years,
for the last 10 years, for the last 15 years and the last 20 years,
and what you see is that the observed temperatures fall along or
below the 95 percent confidence limit for the model.

Mr. BARTON. So they fail because they don’t predict the

Mr. MicHAELS. They predict too much warming, and if you take
a look at the systematic behavior of the models, which is very in-
teresting, they generally predict constant ranges of warming, not
increasing rates of warming, and in fact, the rate of warming since
1977 does correspond to a constant rate. It just happens to be right
at the lower limit of the rates that are given by the families of
models. That tells me something. Nature has been responding to
carbon dioxide for decades, and maybe we ought to listen to nature
rather than to computers.

Mr. BARTON. Dr. Schrag showed a chart early in his presentation
that shows the last 650,000 years of temperature as far as we
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know it and it shows it going up and down, up and down, up and
down. For most of that time period there were no human beings
as we know them today on the earth, so what caused the rapid in-
crease in temperature those previous times since there were men
around?

Mr. MicHAELS. Well, these are the Ice Age oscillations that you
see in these ice core records. Those were caused by earth orbital
changes, we think. That is the current myth. That myth is ulti-
mately subject to

Mr. BARTON. But it obviously couldn’t have been caused by man-
made CO5?

Mr. MICHAELS. It was not caused by carbon dioxide, no.

Mr. BARTON. Mr. Chairman, could I have one more question?

Mr. MARKEY. Yes.

Mr. BARTON. I know my time has expired.

Mr. MARKEY. Of course.

Mr. BARTON. Dr. Michaels, I am told that in these core samples
and the pinecone samples and all of those data sets that it appears
that the temperature goes up before the CO2 concentrations go up
by a time period somewhere between 100 to 800 years. So in other
words, the dominant variable is temperature and the dependent
variable is CO.. Is that correct?

Mr. MiCHAELS. There are instances in that record where in fact
the temperature changes precede the changes in carbon dioxide.

Mr. BARTON. So what we have is a theory that CO: is driving
temperature but that is all it is. It is a theory. It is not a scientific
fact, is it?

Mr. MicHAELS. Well, no. This argument gets very, very com-
plicated. Carbon dioxide in laboratory experiments is demonstrated
to absorb in the infrared, and everything else being equal, you will
get a warming from CO,. That is really not the point that I am try-
ing to make. The point is that the warming has been tending to
run underneath what is projected by our midrange models and so
therefore there is a reasonable argument that the sensitivity that
is within the models for very complicated reasons has been over-
estimated.

Mr. BARTON. That little beep beep means our time has expired.

Mr. MICHAELS. I am sorry.

Mr. BARTON. We appreciate the discretion of the chairman and
we look forward to him showing more discretion in future hearings.

Mr. MARKEY. And it will be forthcoming. The gentleman’s time
has expired. The chair recognizes the gentleman from Washington
State, Mr. Inslee.

Mr. INSLEE. Dr. Michaels, I am stunned that you have come here
and talked about things that just don’t seem to make any scientific
sense to me. I have listened to your testimony with care, and what
you did is, you compared observational data in the past to models
in the future and you said that the rate of change in the models
of the future are different than the observational data in the past,
that there must be something wrong with the model. Now, that
makes no sense whatsoever on a scientific basis. If you want to
compare models to observational data, you have to do it in the
same time period, and in fact, the observational data with the mod-
eling data in the past is quite consistent. You showed a difference
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between observational data in the past and modeling projections in
the future, and there is some difference because it shows an accel-
erated rate of warming, which is consistent with what is going on
in the real world. Now, how can you possibly come here and think
you are going to blow this one right by us and nobody is going to
figure this out? Do you take us for real chumps up here?

Mr. MICHAELS. I really would prefer that we do not get personal.
In fact, there is substantial overlap between the period that I
looked at. Half of the period that I looked at overlaps the models.
Number two, and we could go to my graphics. I don’t know how
hard they would be to come up with. Can we go to——

Mr. INSLEE. Sure. Let us do that. Let me ask the staff to put up
the global mean surface temperature chart, source IPCC/AR-4. Can
you put that up, please? Because I think what we will see is if you
were forthright with this committee, you would say that the mod-
eling data is quite consistent with the observational data in the
past.

Mr. SHiMKUS. Mr. Chairman, would you yield for a second? I
would ask my colleague from Washington State not to disparage
and call the panelist a liar. When you propose the fact that he is
not forthright, you are making the premise that he is actually pro-
viding testimony that is not true. He is a noted citizen, respected
policy observer on the U.N. climate, and I think it is just egregious
that we attack the only Republican panelist we have on this com-
mittee when you have five on your side.

Mr. MARKEY. Let me just note that the gentleman from Wash-
ington State did not use the word “liar.”

Mr. SHIMKUS. He said he was not forthright. Mr. Chairman, we
can quibble about words but we know what that means.

y Mr. MARKEY. Well, I appreciate that, but I think, as we
now——

Mr. MICHAELS. I think I can defuse this with a very simple an-
swer.

Mr. MARKEY. If I may, Dr. Michaels, there is a difference in
terms of which term is used in terms of the response someone is
trying to elicit from a witness, and we are going to put the time
back on the clock for the gentleman from Washington State, and
I don’t think that the gentleman from Washington State was doing
anything other than trying to engage in—by using the word “forth-
right”, trying to use terminology that would have a scientific dis-
cussion. If he had used the word “liar” or if any member uses the
word “liar” here, I am going to rule them out of order in this hear-
ing or any other hearing. If he engages in the use of language
which is commonly considered to be abusive, I will do that. I don’t
think using the word “forthright” in the way in which he did it in
this scientific discussion really was intended to be a personal in-
sult. If anything, the gentleman from Washington was using the
word “chump” to refer to himself in this discussion and I felt that
that was also an inappropriate word.

Mr. INSLEE. That may have been over the line. I will apologize
for myself——

Mr. MARKEY. In my opinion, that was

Mr. INSLEE [continuing]. My self-descriptive chumpdom.

Mr. MARKEY [continuing]. A self description.
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Mr. INSLEE. And I want to say for the record——

Mr. MARKEY. I will put the time back on the clock up to approxi-
mately 3 minutes.

Mr. INSLEE. Thank you, and I want to make clear that Mr.
Shimkus is always forthright, and I appreciate his observations.
But I do want to point out that I think a forthright assessment of
the scientific principles is that one does not compare apples to or-
anges and criticize a model that has essentially been accurate with
observational data, and if you look at the chart that is on the
screen now, it will compare the modeling data to observational data
prior to the year 2004, and I think you will see there is a very high
degree of correspondence between the two showing that the mod-
eling data compared to observational data in the past are very,
very close. Now, what we have seen with the modeling data, a
forthright statement is that the model suggests an accelerating
rate of global warming and in fact that is what we have experi-
enced and that is why everyone with their eyes open are now see-
ing very significant changes in our climatic system. I will ask Pro-
fessor Schrag to comment on that if that is a fair assessment of the
evidence.

Mr. SCHRAG. I think that is a fair assessment, and I think it is
correct that the models are predicting an accelerated response over
the next several decades. Part of the reason is what I said earlier,
the aerosol effect that has been essentially dampening the effect of
CO: is short-lived and over time we will see the CO2 continue to
accumulate and the impact of CO, grow and grow relative to the
aerosol forces.

Mr. INSLEE. And I may note the acceptance of this forthright sci-
entific data is becoming so widespread that this is a debate we
should not be having. Today I just got a message on my BlackBerry
that Exxon Oil was at a meeting yesterday or this morning talking
about the need to respond to global warming. This just isn’t a de-
bate anymore, and it is unfortunate that our committee is sort of
fighting the Civil War again, and we have to stop fighting the Civil
War and try to find a bipartisan consensus on how to move for-
ward, and I really look forward to the day when the witnesses who
are before us from the Republican side will talk about how we de-
sign a cap-and-trade system that will minimize any dislocation. I
just look forward to that day. I hope it is coming shortly because
I think the forthright conclusion we can draw on a bipartisan basis
is that we know what is going on, it is not good, and I look forward
to the day we can jointly figure out a way to solve that.

Thank you. I yield back.

Mr. MicHAELS. Mr. Chairman, can I respond?

Mr. INSLEE. You have 15 seconds if you like. Go ahead.

Mr. MicHAELS. OK. These are the A1B scenarios. I hope you
have good eyes. You can see that the rates are in fact not accel-
erating over the course of 100 years, in fact, they are constant, and
that the rates that are being observed which are also constant are
at the low end of the projection ranges made by the A1B scenarios.
Those are constant. If you have good eyes back there, you can see
that. Thank you very much.

Mr. INSLEE. Thank you to all witnesses.
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Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Kentucky, Mr. Whitfield.

Mr. WHITFIELD. Thank you, Mr. Chairman. I think the frus-
trating thing about this debate is, I read an article the other day
where someone said that in all my years of doing science, I have
never seen this sort of gag order on people trying to speak their
views, whether they disagree or agree with the projections of the
impact of global warming, and that stems from the fact that Dr.
Michaels, because of actions taken by Governor Tim Kaine of Vir-
ginia, Dr. Michaels was state climatologist and actually lost his job
there and at the University of Virginia because he continued to
speak out on global warming, which was different than the position
of the governor. In addition to that, an official in Oregon lost his
job because his views were different than those of the governor of
Oregon. He continues to speak out on global warming. In Dela-
ware, Governor Ruth Ann Minner got upset because one of the cli-
matologists there participated in an amicus curiae brief before the
Supreme Court in which they were questioning some of the sci-
entific evidence on global warming. In Washington State, Mark
Albright lost his job for the same reason. And I think it is dis-
turbing that on an issue this important that can have the impact
in the future that this has, that we get into these kinds of situa-
tions. I think the important aspect of this is that everybody give
their views and then let us make decisions and try to solve the
problem.

I noticed that Professor Schrag made the comment that generally
they are very conservative in their arguments about global warm-
ing and the impact of global warming and yet when I read Dr. Ack-
erman’s testimony on footnote 4, which he talks about on page 5,
he said since the future will only happen once and we want to
know how bad the risk of future damages could be, we are going
to use the worst limit of what IPCC calls the likely range of out-
comes, and that is fine, but as politicians when we go out to civic
clubs and everywhere else and we make speeches, we try to find
evidence that will back us up, and when you get people who are
really totally convinced that we need to take drastic action to pre-
vent the impact of global warming in the future, we are going to
take the studies, the worst-case scenario being according to Dr.
Ackerman that by 2100, U.S. temperatures are going to rise 12 to
13 degrees Fahrenheit. In Alaska they are going to rise by 18 de-
grees Fahrenheit. Sea levels are going to increase by 45 inches and
hurricane intensity will create damages estimated to be $397 bil-
lion by 2100.

Now, I might also say that Chris Lancey, who was contributing
to the IPCC in the area of hurricanes, resigned from the IPCC be-
cause he said that the leading author had a press conference and
emphatically stated that increased hurricane intensity was due to
global warming, and Lancey resigned from that. The reason I know
about that because we had a lengthy oversight hearing about that
a number of years ago. Now, Dr. Ackerman, I know you want to
make a comment, Dr. Michaels wants to make a comment, so Dr.
Ackerman, you go ahead.

Mr. ACKERMAN. OK. We did look at not the absolutely worst case
but the 83rd percentile of the range that was suggested, the worst
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of the IPCC likely. It means the 83rd percentile. The future is
going to happen once and a cost-benefit calculation based on the
average or most likely gives you a 50 percent chance of not being
bad enough. People don’t think that way in ordinary life. Insur-
ance, which never passes a cost-benefit test, is what people do
when they are facing a severe risk which they can’t afford. That
is absolutely what we are facing here. The science, you know, what
it looks like at the 83rd percentile of risk for this century looks
pretty bad. Now, in terms of the hurricane debate, I know there
has been a lot of debate about the details of that. Roger Pielke Jr.
is one of the critics of the position that we took on hurricanes, read
over my reports. I had a long correspondence with him. He per-
suaded me that I had a small numerical error that made it 6 per-
cent too high. He was very happy to hear that I corrected it. There
is another footnote in my testimony that tells you that I am using
the numbers based on my correspondence with him.

Mr. WHITFIELD. And thank you very much for that. My time has
expired but I would like Dr. Michaels to be able to make his com-
ment as well.

Mr. MicHAELS. Well, there are several places that I would like
to comment and obviously do not have time for it. I will say in the
Stern Report, which has been oft quoted here, that the worst-case
climate scenarios are assumed and the discount rates are thought
to be economically very unrealistic. With regard to the employment
problems that certain people have had, I just think that is very
sad. We thrive on intellectual diversity. People are not promoted
from assistant to full professor at major universities for doing noth-
ing, and for the political process to have interfered there is a very,
very, very black and sad thing.

Mr. MARKEY. The gentleman’s time has expired. The chair recog-
nizes the gentleman from Texas, Mr. Green.

Mr. GREEN. Thank you, Mr. Chairman. Before I get into some of
the questions, I would like to ask Mr. Woolsey, you made a state-
ment a few minutes ago that you get the same credit for not burn-
ing coal to create electricity as you do if you don’t burn natural gas,
and that is not what I understood. I thought that coal plants emit
much more carbon than, say, a natural gas plant.

Mr. WoOLSEY. Coal plants do produce a greater amount of carbon
per BTU than natural gas does. What I was saying was that the
instrumentality of the renewable portfolio standard doesn’t really
discriminate between gas and coal. It just wants an increase in re-
newables. There was a very good op-ed in the Wall Street Journal
about this a couple of weeks ago and that I thought a feed-in tariff
was a superior mechanism to a renewable portfolio standard for the
purpose of emphasizing renewables in a more effective way.

Mr. GREEN. Thank you for that clarification because if we are
looking at controlling carbon, a renewable standard may be one of
the avenues, but we also need to make sure that renewable stand-
ard is something that you are ultimately going after with the car-
bon capture or the carbon sequestration.

Dr. Ackerman, in order to evaluate the cost of inaction on climate
change, you compare the economic consequences of two possible cli-
mate scenarios in a business-as-usual case or unchecked growth in
greenhouse gas emissions with rapid stabilization case, whereby
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the United States reduces its emissions by 80 percent accompanied
by a 50 percent reduction in total world emissions. Under your
rapid stabilization case, what happens if only the United States
acts to reduce its emissions while major emitters such as China or
India do not follow suit? Will the cost of inaction become smaller
or greater?

Mr. ACKERMAN. There is really no hope of solving this problem
if we don’t have a global agreement on it. No country represents
more than 20 percent of the total. The United States and China are
both at about that point so——

Mr. GREEN. Thank you. Since we only have 5 minutes and I have
a whole lot of questions, I thank you for that. My next follow-up
is, so in your opinion, it is crucial that reductions in greenhouse
gas emissions are linked to a global action to reduce carbon emis-
sions?

Mr. ACKERMAN. Absolutely. It has to be done globally.

Mr. GREEN. Could we ever achieve a rapid stabilization case
without strong mandatory reductions by other major emitters?

Mr. ACKERMAN. No. Everybody has to agree to reduce.

Mr. GREEN. Your analysis found that under the business-as-
usual case, combined increased costs for electricity added up to
$141 billion per year in 2001 or .14 percent of projected U.S. out-
put. Last year there was an EPA analysis of climate change legisla-
tion, Senate bill 1766, by Bingaman and Specter and the Senate
found that electricity prices were projected to increase 40 percent
in 2030 and an additional 25 percent in 2050. How do these in-
creased costs of climate change addressing climate change in the
EPA analysis compare with your estimates under a business-as-
usual case for electricity rates?

Mr. ACKERMAN. I haven’t looked at that EPA study. I know that
our subcontractors, who analyze the electric power system were ac-
tually quite conservative in the costs that they were able to look
at, mostly looking at increased air conditioning load. There are a
number of other effects on the power system which they were not
able to quantify so I would not be surprised if someone else came
up with a higher number.

Mr. GREEN. I appreciate it coming from a part of the country
that we need LIHEAP from May to September for our poor folks.
I appreciate that.

Mr. Woolsey, you made several observations in your work on ma-
levolent and malignant threats regarding climate change impacts
on our energy infrastructure. Can you further elaborate on your
point that our energy systems are vulnerable to climate change?

Mr. WooLseEY. Well, they contribute to climate change insofar
particularly as they use coal and oil but they are also vulnerable.
For example, Hurricane Katrina barely missed the Colonial Pipe-
line, which is a major pipeline from the Gulf up to the East Coast.
Most of us around here would have done a good deal more bicycling
and walking had Katrina been just a mile or two different from
where it was, and the electricity grid in Cleveland suffered an out-
age in August of 2003 when a tree branch touched a power line in
the middle of a storm, and within 9 seconds some 50 million con-
sumers were offline in the United States and eastern Canada. Now,
probably 2 decades ago that would have been an outage in part of
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Cleveland, but because our electricity grid is so stressed and is so
overloaded with the demands of running a deregulated system and
everybody being able to shop all over the country for every little
bit of electricity and so on, it has produced an extraordinarily vul-
nerable system, vulnerable to natural interference, such as a tree
branch touching a power line, and unfortunately, terrorists are a
lot smarter than tree branches.

Mr. GREEN. And I appreciate that, and hopefully this stimulus
reinvestment bill that has money in there for transmission expan-
sion and also other things will help that, because that is one of the
issues. We need to have alternatives to having just one line.

I have one more question if I could——

Mr. MARKEY. Very quick.

Mr. GREEN. Dr. Ebi, can you explain how increasing tempera-
tures could facilitate the development of ground-level ozone and
how this could impact public health within pollution-prone areas?
Specifically, do you suggest that the United States coordinate the
public health responses to climate change across the level of Fed-
eral Government?

Ms. EBI. The rate at which ground-level ozone is formed, and it
is formed on clear, cloudless days, the rate is temperature depend-
ent. All else being equal, if the temperature goes up there will be
more ground-level ozone.

Mr. GREEN. And how do you suggest we coordinate between our
public health responses? Because, again, coming from the Houston
area, we have an ozone problem, and is it coordination of the fed-
eral agencies in response to that is what we should do?

Ms. EBI. There needs to be coordination not only with the Fed-
eral Government but across borders because there is also hemi-
spheric transport of ozone.

Mr. GREEN. Thank you.

Mr. MARKEY. The gentleman’s time has expired. We will recog-
nize the gentleman from Illinois for 6%2 minutes.

Mr. SHIMKUS. Thank you, Mr. Chairman. I did an opening state-
ment so——

Mr. MARKEY. I am going to balance you out with Mr. Green.

Mr. SHIMKUS. Thank you, Mr. Chairman. I would like, Mr.
Chairman, if we could submit James Connaughton’s report from
December 2007 on the Energy and Climate Policy. In here there is
a couple of noted aspects, $37 billion in climate change. Before the
stimulus bill, that would have been real money in Washington.
Now $37 billion is chump change, but I would say that is doing
something. I would also want to highlight an issue in here about
the important transitions of emitting countries. It does address
what are some of the answers. We are really flatline growth from
1990 projected to 2095. It is the developing countries. I can guar-
antee you the developing countries are not going to go into a world-
wide climate policy. We met with the Chinese a few years ago,
asked them a couple times. Their basic response was, you had your
chance to get to the middle class, now it is ours.

The only thing we have is fear left, Mr. Chairman. It is fear on
the stimulus, $900 billion. It is fear for immediate action on cli-
mate change. When in the world do we stop attacking a messenger
of a divergent scientific opinion? And shame on us for doing so. If
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we were to apply the Fairness Doctrine that we are going to try
to ram down America on telecommunications policy, the Fairness
Doctrine would say three panelists for a view on climate change
that is supportive of what Dr. Michaels is speaking of and three
in opposition, so I would hope that as we talk about Fairness Doc-
trine, that would be brought to the committee.

Let me ask, how would each of you respond—of course, I have
very limited time—to this statement: We will harness the sun and
the winds and the soil to fuel our cars and run our factories. True
or false, Dr. Michaels?

Mr. MICHAELS. I can’t give you an answer.

Mr. SHIMKUS. Dr. Ackerman?

Mr. ACKERMAN. I would need more information.

Mr. SHIMKUS. Dr. Ebi?

Ms. EBIL I agree, there would need to be additional information
before I could comment.

Mr. SHIMKUS. OK. Here is a statement: We will harness the sun
and the winds and the soil for fuel to fuel our cars and run our
factories. Mr. Woolsey?

Mr. WoOOLSEY. Today I drive a plug-in hybrid and I have photo-
voltaic cells on my roof and batteries in my basement, and I drive
40 to 50 miles a day on sunlight.

Mr. SHIMKUS. I mean yes or no.

Mr. WOOLSEY. Yes, it can be done.

Mr. SHIMKUS. And your electricity comes from what commodity
product?

Mr. WOOLSEY. It comes from Baltimore Gas and Electric, which
is whatever they use. Some of it is coal, some of it is other. But

Mr. SHIMKUS. But that is not wind and that is not solar.

Mr. WooOLSEY. They are moving into

Mr. SHIMKUS. And that is not renewable as by the definition of
our

Mr. WOOLSEY. Solar is part of it.

Mr. SHIMKUS. Again, I am just saying this statement.

OK. Let us go to General Sullivan.

General SULLIVAN. I have no idea.

Mr. SHIMKUS. OK. Yes. Thank you. An honest answer. I will tell
you, you are not going to operate a United States steel mill on
wind, on solar, on renewables.

Mr. WoOOLSEY. It will take a lot longer.

Mr. SHIMKUS. Well, I will say you will never run a United States
steel mill on wind, on solar, on renewables.

Mr. WOOLSEY. I disagree.

Mr. SHIMKUS. And that is what this process is all about.

Professor Schrag?

Mr. SCHRAG. I think what is missing from this question is the
time scale. In the next decade it is going to be very hard to switch
off of fossil fuels. It is more than 80 percent of our energy. Long-
term scales, we are going to have to because we are going to run
out and that is just the way it is. It is going to get very expensive.
And, you know, today in Iceland, for example, Alcoa is building alu-
minum smelting plants that are run on geothermal so it is possible,
it is just expensive in other parts of the world and in the United
States today, but at some point fossil fuels are going to get even
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more expensive, and the security issues associated with that are se-
rious.

Mr. SHIMKUS. Well, in this part of our debate on climate change,
because those of us who are for all-of-the-above strategy, if you
want to talk national security and having reliable power, the nu-
clear power has to be part of this debate. The environmental left
has yet to come to the table to believe that growth in the nuclear
power movement in this country. They continue to block the ability
to store high-level nuclear waste at Yucca Mountain. They will
allow the continued storing of this on site to a point where the res-
ervoirs will be full, and these sites will have to be decommissioned.
We are actually paying federal tax dollars to these companies to
store the waste that we have agreed to hold.

I would like to ask Dr. Michaels, I think a lot of us are concerned
especially with the comments made today and your lone voice and
this issue of fear. I mean, you hear the world is going to end and
we have to do something now. Tell me why you believe there is this
rush to act.

Mr. MicHAELS. That is a very complicated question. It is obvi-
ously political. Obviously a lot of voices are not being heard. And
my fear, my fear is that that is going to have a very counter-
productive effect and I really want the committee to consider this.
If you take capital out of the system with expensive taxes and cap-
and-trade programs, that capital would normally be used by indi-
viduals in their 401(k)s for investment and those investments are
often made in companies that produce things efficiently or produce
efficient things compared to their competitors. They are advan-
taged in the competitive marketplace. So you can have a very coun-
terproductive effect by putting in regressive energy taxes or other
programs like that. You take capital out of the system that would
normally be used for investment in companies that produce things
efficiently. This is very, very obvious that people are doing this. I
ask you to take a look at the share prices of various producers of
automobiles and take a look at the share prices of those——

Mr. SHIMKUS. And let me be real quick, Professor Schrag, just
your quick answer on coal-to-liquid technologies. Support it? I
mean, in your testimony you talked about being able to pull off the
carbon stream.

Mr. SCcHRAG. Coal to liquids, if done improperly the way the
South Africans do, is one of the dirtiest technologies in the world.
If it is done properly with biomass blending and carbon sequestra-
tion, it can be among the cleanest technologies in the world.

Mr. SHIMKUS. Mr. Chairman, did you hear that testimony? It is
your witness. Did you hear his answer?

Mr. MARKEY. I am sorry.

Mr. SHIMKUS. I am teasing.

Mr. MARKEY. No, can you repeat the answer?

Mr. SHIMKUS. I am just teasing, Mr. Chairman.

er. MARKEY. I would really like to hear the answer again,
please.

Mr. SCHRAG. The answer was that the same technology that
makes incredibly dirty fuel in South Africa, twice the emissions of
regular oil, if done properly with the right regulations, with blend-
ing biomass with the coal, and what we are talking about could be
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waste biomass or wood chips, and capturing the carbon from the
process can actually produce very efficient, clean fuel, but it has to
be done right, not in a dirty fashion.

Mr. MARKEY. I will just say to the gentleman, in the stimulus
bill, the House put in $2.5 billion for carbon capture and sequestra-
tion, trying to find ways of using technologies that can sequester
the carbon. The Senate put in about $4 billion. The debate is not
over whether or not we should be doing something in this area, the
debate is over how many billions of dollars we should be spending
in this area. So that is really not what this debate is about.

Mr. SHIMKUS. Yes, and we haven’t seen the commerce report, Mr.
Chairman, but I think that has now been cut to $1 billion from
what I have heard. But I do need to just give credit to the quote
I used on “We will harness the sun and the winds and the soil to
fuel our cars and run our factories,” President Barack Obama, my
State. We are very excited but this is part of the research you have
to do to find out exactly what people are saying because this is im-
possible in the near term.

Mr. MARKEY. I thank the gentleman and I thank all of the wit-
nesses as well. This has been a very, very helpful stage-setting
hearing for us. We discussed the economics, the national security,
and the health implications of climate change, and I think what we
heard here today is that there is a real urgency for our country to
become the leader, and that is the intention of this subcommittee
and full committee. We intend on acting this year in a way that
deals with the urgency of the problem, and there is good news. The
good news includes the fact that 42 percent of all new electrical
generating capacity installed in 2008 was wind power, 50 percent
was natural gas, so that is not a bad formula for dealing with cli-
mate change, and I think that is going to accelerate in the years
ahead, even as we do the research and deal with carbon capture
and sequestration to try to accommodate coal in the years ahead.
So that is a huge number, 42 percent of all new electrical genera-
tion capacity. It can be expected to go to 50 and 60 percent in the
ygars ahead as a national renewable electricity standard is adopt-
ed.

So I am very optimistic, and this panel has helped to pinpoint
the problem, but talk about some of the solutions as well, and we
thank you for that, and with the thanks of the committee, this
hearing is adjourned. Thank you.

[Whereupon, at 12:35 p.m., the subcommittee was adjourned.]

[Material submitted for inclusion in the record follows:]

PREPARED STATEMENT OF HON. GENE GREEN

Mr. Chairman, thank you for holding our subcommittee’s first hearing this morn-
ing to evaluate the impacts of climate change on the United States.

The International Panel on Climate Change (IPCC) reports clear scientific con-
sensus that human activities have increased emissions of carbon and other green-
house gases which contribute to global warming.

The questions many continue to grapple with, however, are to what extent will
future warming occur and at what costs to our society?

Several experts in academia, government, and the private sector believe climate
change could have ramifications not only on global temperatures, but on America’s
overall economy, public health, and national security.

For example, a representative from the Center for Disease Control and Prevention
testified last Congress that climate change is likely to have a “significant impact on
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health” caused by extreme heat and weather, air pollution, and water-borne infec-
tious diseases.

For urban areas like Houston, higher temperatures have been shown to facilitate
the development of ground-level ozone which can lead to respiratory illnesses, asth-
ma, and lung damage.

I am also concerned with the anticipated impacts of climate change on severe
weather systems, particularly in the Gulf of Mexico.

The Gulf Coast has already recently been battered by Hurricanes Ike and Katrina
which have proven the vulnerability of these areas to loss of life and property.

Perhaps the timeliest factor is the economic cost associated with addressing, or
not addressing, climate change.

America is facing the worst financial crisis since the Great Depression and many
family budgets are already stretched past their breaking point.

Last year, government analysis by both the EPA and EIA found that climate
change legislation would increase the cost of gasoline and electricity for American
consumers and businesses.

I have concerns with the timing of this extra burden on hard-working Americans
and believe any efforts to address climate change must protect both our environ-
ment and our economy.

I look forward to the testimony of our witnesses today, and I yield back the bal-
ance of my time.

Thank you Mr. Chairman.
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= NATIONAL SECURITY
AND THE THREAT OF
CLIMATE CHANGE

To the reader,

During our decades of experience in the US. military, we have addressed many
national security challenges, from containment and deterrence of the Soviet
nuclear threat during the Cold War to terrorism and extremism in recent years.

Global climate change presents a new and very different type of national
security challenge.

Over many months and meetings, we met with some of the world's leading
climate scientists, business leaders, and others studying climate change. We
viewed their work through the lens of our military experience as warfighters,
planners, and leaders. Our discussions have been lively, informative, and
very sobering.

Carbon dioxide levels in the atmosphere are greater now than at any time in
the past 650,000 years, and average global temperature has continued a steady
rise. This rise presents the prospect of significant climate change, and while
uncertainty exists and debate continues regarding the science and future extent
of projected climate changes, the trends are clear.

The nature and pace of climate changes being observed today and the
consequences projected by the consensus scientific opinion are grave and pose
equally grave implications for our national security: Moving beyond the arguments
of cause and effect, it is important that the U.S. militaty begin planning to address
these potentially devastating effects. The consequences of climare change can affect
the

military has a clear obligation to determine the potential impacts of climate change

ion, training, equipping, and planning of the military services. The US.

B

on its ability to execute its missions in support of national security objectives.
Climate change can act as a threat multiplier for instability in some of the

most volatile regions of the world, and it presents significant national securiry

challenges for the United States, Accordingly, it is appropriate to start now to

help mitigate the severity of some of these emergent challenges. The decision

ro act should be made soon in order to plan prudently for the nation’s security.

‘The increasing risks from climate change should be addressed now because they

will almost certainly get worse if we delay.
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EXECUTIVE SUMMARY

)
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The purpose of this study is to examine the
national security consequences of climate
change. A dozen of the nation’s most respected
retired admirals and generals have served as a
Military Advisory Board to study how climate
change could affect our nation's security aver
the next 30 to 40 years—the time frame for
developing new military capabilities.

The specific questions addressed in this
report are:

1. What conditions are climate changes
likely to produce around the world that
would represent security risks to the
United States?

2. What are the ways in which these
conditions may affect Americas national
security interests?

3. Whar actions should the nation take to

address the national security consequences
of climate change?

The Military Advisory Board hopes these
findings will contribute to the call President
Bush made in his 2007 State of the Union
address to"...help us to confront the serious
challenge of global climate change” by contrib-

uting a new voice and perspective to the issue,

FINDINGS

Projected climate change poses a serious
threat to Americas national security.

The predicted effects of climate change over
the coming decades include extreme weather
events, drought, flooding, sea level rise, recreating
glaciers, habitat shifts, and the increased spread
of life-threatening diseases. These conditions
have the potential to disrupt our way of life and
to force changes in the way we keep ourselves

safe and secure.

In the national and international security
environment, climate change rhreatens to add
new hostile and stressing factors. On the
simplest level, it has the potential to create
sustained natural and humanitarian disasters
on a scale far beyond those we see today. The
consequences will likely foster political instability
where societal demands exceed the capacity of
governments to cope.

Climate change acts as a threar multiplier
for instability in some of the most volatile
regions of the world. Projected climate change
will seriously exacerbate already marginal living
standards in many Asian, African, and Middle
Eastern nations, causing widespread political
instability and the likelihood of failed states.

Unlike most conventional securiry threats
that involve a single entity acting in specific ways
and points in time, climate change has the
potential to result in multiple chronic conditic
occurring globally within the same time frame.
Economic and environmental conditions in
already fragile areas will further erode as food
production declines, diseases increase, clean
water becomes increasingly scarce, and large
populations move in search of resources.
Weakened and failing governments, with an
already thin margin for survival, foster the
conditions for internal conflicts, extremism, and
movement toward increased authoritarianism
and radical ideologies.

The U.S. may be drawn more frequently
into these situations, either alone ot with allies,
to help provide stability before conditions
worsen and are exploited by extremists. The
U.S. may also be called upon to undertake
stability and reconstruction efforts once a
conflict has begun, to avert further disastet

and reconstitute a stable environment.



Projected climate change will add ta
tensions even in stable regions of the world.
The U.S. and Europe may experience mounting
pressure to accept large numbers of immigrant
and refugee populations as drought increases
and food production declines in Latin America
and Africa. Extreme weather events and nacural
disasters, as the U.S, experienced with Hurricane
Katrina, may lead to increased missions for a
number of U.S. agencies, including state and
local governments, the Department of Homeland
Security, and our already stretched military,
including our Guard and Reserve forces.

Climate change, national security, and
energy dependence are a related set of global
challenges. As Presidenr Bush norted in his
2007 State of the Union speech, dependence
on foreign oil Jeaves us more vulnerable to hos-
tile regimes and terrorists, and clean domestic
energy alternatives help us confront the serions
challenge of global climate change. Becanse
the issues are linked, solutions te one affect
the other. Technologies that improve energy
efficiency also reduce carbon intensity and

carbon emissions.

RECOMMENDATIONS OF THE
MILITARY ADVISORY BOARD:

1. The national security consequences of
climate change should be fully integrared
into national security and national
defense strategies.
As military leaders, we know we cannot wait for
certainry, Failing to act because a warning isn't
precise enough is unacceptable. The intelligence
community should incorporate climate
consequences into its National Intelligence
Estimate. The National Security Strategy
should directly address the threar of climate
change to our national security interests. The

Narional Security Strategy and National
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Defense Strategy should include appropriate
guidance to military planners to assess risks to
current and future missions caused by projected
climate change. The next Quadrennial Defense
Review should examine the capabilities of the U.S.
military to respond to the consequences of climate
change, in particular, preparedness for natural
disasters from extreme weather events, pandemic

disease events, and other related missions.

2. The U.S. should commit to a stronger
national and international role to help
stabilize climate change at levels that will
avoid significant disruption to global
security and stability.
Managing the security impacts of climate
change requires two approaches: mitigating the
effects we can control and adapting to those
we cannot. The U.S. should become a more
constructive partner with the international
community to help build and execuce a plan
to prevent destabilizing effects from climate
change, including setting targets for long term

reductions in greenhouse gas emissions.

3. The U.S. should commit to global
partnerships that help less developed
nations build the capacity and resiliency
to better manage climate impacts.
As President Bush noted in his State of the
Union speech, “Our work in the world is also
based on a timeless truth: To whom much is
given, much is required.” Climate forecasts
indicate countties least able to adapt to the
consequences of climate change are those that
will be the most affected. The U.S, government
should use its many instruments of national
influence, including its regional commanders,
to assist natjons at risk build the capacity and
resiliency to better cope with the effects of
climate change. Doing so now can help avert

bumanitarian disasters later.
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4. The Department of Defense should
enhance its operational capability by
accelerating the adoption of improved
business processes and innovative tech-
nologies that result in improved U.S.
combat power through enetgy efficiency.
Numerouns Department of Defense studies
have found that combat forces would be more
capable and less vulnerable by significantly
reducing their fuel demand. Unfortunately,
many of their recommendations have yet to be
implemented. Doing so would have the added

benefit of reducing greenhouse gas emissions.

5. The Deparcment of Defense should
conduct an assessment of the impact on
U.S. military installations worldwide of
rising sea levels, extreme weather evencs,
and ather projected climate change
impacts ovet the next 30 to 40 years.
Many critical defense installations are located
on the coast, and several strategically important
ones are on low-lying Pacific islands. Sea level rise
and storm surges will threaten these facilities.
Planning and action can make these installations
more resilient. Lack of planning can compromise
them or cause them to be inundated, compro-

mising military readiness and capability.



ABOUT THE REPORT

To better inform U.S. policymakers and the
public about the threats to national security
from global climate change, the CNA Corpo-
tation, a nonprofit national security analysis
organization, convened a panel of retired senior
military officers and national security experts
and conducted an assessment of che national
security implications of global climate change.
In this context, we define national security to
refer to the influence of climate change on
geo-strategic balances and world events that
could likely involve U.S. military forces or
otherwise affect U.S. strategic interests
anywhere in the world.

The Military Advisory Board consisted of
retired flag and general officers from all four
services, including service chiefs and some who
served as regional combatant commanders
(a regional combatant commander is a four-star
sfficer who commands all U.S. forces in a given
region of the world). The Military Advisory
Board and the study team received briefings
from the U.S. inrelligence communiry, climate
scientists, and business and state leaders. They
also traveled to the United Kingdom to meet
with high-level government and business leaders
to learn what acrions the United Kingdom is
raking to address the chreat of climate change.
Members of the Military Advisory Board also
presented their own views, based on experience,
of the security effects of climate change on
various regions of the world,

This report documents the results of that
effort, We start with a discussion of the
geo-strategic implications of climate change in
the general sense-—that is, how climate change
can foster instability and affect international

security. We then apply this background to
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address specific regional security challenges in
Africa, Asia, the Middle East, Europe, and the
Americas. That is followed by a discussion of
che challenges from climate change that can
have a direct impact on military systems and
operations. We conclude with a set of findings
and recommendations related to mitigation,
adaptation, and preparation—specific actions
the U.S. government should take in response
to the challenges presented by climate change.
Appendices provide background on members
of the Military Advisory Board, and very briefly
summarize the science of climate change and
ways in which the earth’s environment may

potentially change.

CLIMATE CHANGE AND THE
SCOPE OF THIS STUDY

Although there is a great deal of agreement
among the world’s climate scientists regarding
the overall picture of a changing climate, there
is also some disagreement about the extent of
future changes.

Regardless of this continuing discussion, the
board’s view is quite clear: The potential conse-
quences of climate change are so significant that
the prudent course of action is to begin now to
assess how these changes may potentially affect
our narional security, and what courses of
action, if any, our nation should take.

"This approach shows how a military leader’s
perspective often differs from the perspectives
of scientists, policymuakers, or the media. Mili-
tary leaders see a range of estimates and tend
not to see it as a stark disagreement, but as
evidence of varying degrees of risk. They don't
see the range of possibilities as justification for

inaction. Risk is at the heart of their job: They

ABOUT THE REPORT + SecurityAndClimate.ona.org
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XPERIENCE

GENERAL GORDON R. SULLIVAN, USA (Ret.)
Chairman, Military Advisory Board | Former Chief of Staff, U.S. Army

ON RISK

Formear U.S. Army Chief of Staff Gordon Suilivan
enjoys a good debate. But he also knows there
are times when debate must stop and action must
begin. With respect to climate change, he says
that fime has arrived.

“We seem to be standing by and, frankiy,
asking for perfectness in science,” Gen. Suffivan
said. “People ars saying they want to be con~
vinced, perfectly. They want 1o know the climate
science projections with 100 percent certainty.
Well, we know a great deal, and even with
that, there is stilf uncertainty. But the trend line is
very clear.”

“We never have 100 percent certainty,” he
said. “We never have it. if you wait unif you
have 100 percent certainty, something bad
is going to happen on the battlefisld. That's
something we know. You have to act with

“We never have 100 percent certainty. We
never have it. If you wait until you have
100 percent certainty, something bad is
going to happen on the battlefield.”

incompiete information. You hava to act based
on the trend lne. You have to act on your
intuition sometimes.”

In discussing how mifitary leaders manage fisk,
Gen. Sullivan noted that significant attention
is often given to the low probability/high con-
sequence events. These events rarely occur
but can have devastating consequences i they
do. American families are familiar with these
calcutations. Serious injury in an auto acci-
dent is, for most families, a fow probability/high
consequence event. it may be unfikely, but
we do all we can to avoid it.

During the Cold War, much of America’s
defense efforts focused on preventing a
Soviet missile attack—the very definition of
a low probability/high consequence event,
Qur effort to avoid such an uniikely event was a
central organizing principie for our diplomatic and
military strategies.

When asked to compare the risks of climate
change with those of the Cold War, Gen. Sullivan
said, *“The Cold War was a specter, but climate
change is inevitable. if we keep on with business
as usual, we will reach a point where some of the
worst effects are inevitable,”

“if we don't act, this ooks more fike a high
probability/high consequence scenario,” he added.

Gen. Sullivan shifted from risk assessment to
risk management.

“In the Cotd War, there was a concerted effort
by alt leadership—polfitical and military, natiopal
and intemational~to avoid a potential conf5
he said. “t think it was weill known in mifitary
circles that wa had to do everything in our power
to create an environment where the national
command autharity—the president and his
senior advisers—were not forced to make choices
regarding the use of nuclear weapons.

“The siuation, for much of the Cold War,
was stable,” Gen. Sullivan continued. “And the
chalienge was to keep it stable, to stop the cata-
strophic event from happening. We spent bifions
on that strategy.

“Climate change is exactly the opposite. We
have a catastrophic event that appears {o be inev-
itable. And the challenge is to stabilize things—to
stabilize carbon in the atmosphere. Back then, the
chailenge was to stop a particuiar action. Now,
the challenge is to inspire a particufar action, We
have to act if we're to avoid the worst effects.”

10 securityAndClimats.cna.org



assess and manage the many risks to America’s
security. Climate change, from the Military
Advisory Board's perspective, presents signifi-
cant risks to America’s national security. Before
explaining some of those risks, we touch on an
important scientific point.

A global average remperature increase of
1.3°F (plus or minus 0.3°F) occurred over the
twenticth century. But the temperature change
on its own is not what shapes this security
assessment. Rather, it is the impact that
temperature increases can have on natural
systems, including:

« Habitats

« Precipitation patterns

» Extreme weather events

+ Ice cover

« Sea level

Throughout this repore, we do not attempt
to tie our findings regarding security implica-
rions to any one particular projection of future
temperature changes, precipitation changes, or
sea level rise whether due to ocean expansion
or ice sheet breakup. Rather, our goal is to
articulate the possible security implications
of climate change and to consider mitigating
steps the nation could take as part of an

overall national security plan.
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GEO-STRATEGIC IMPLICATIONS

OF CLIMATE CHANGE

One reason human civilizations have grown
and fourished over the last five millennia is that
the worlds climate has been relatively stable.

However, when climates change significantly

+ These changes, and others, may create large
number of migrants . When people cross bor-

ders in search of resources, tensions can arise.

or environmental conditions deteriorate to the

When climates change significantly or
environmental conditions deteriorate to
the point that necessary resources are not
available, societies can become stressed,
sometimes to the point of collapse.

point that necessary resources are not available,
societies can become stressed, sometimes to the
point of collapse {1}

For those coricerned about national security,
stability is a primary goal. Maintaining stability

within and among nations is often a means of

avoiding full-scale military conflicts. Conversely,
instability in key areas can threaten our security.
For these reasons, a great deal of our national
security efforts in the post-World War IT era
have been focused on protecting stability where
it exists and trying to instill it where it does not.

This brings us to the connection between
climare change and national security.

As noted, climare change involves much
more than temperature increases. It can bring
with it many of the kinds of changes in natura]
systems that have introduced instability among
nations throughout the centuries.

In this chapter, we consider some of the ways
climate change can be expected to introduce the
conditions for social destabilization. The sources
of tension and conflict we discuss here are
certainly not solely due to climate change; they
have been discussed by the national security
community for many years. However, climate
change can exacerbate many of them [2].

For example:

+ Some nations may have impaired access
to foad and water.

« Violent weather, and perhaps land loss due
to rising sea levels and increased storm surges, can
damage infrastructare and uproot large numbers

of people.

- Many governments, even some that look
stable today, may be unable to deal with these
new stresses. When governments are ineffective,
extremism can gain a footheld.

« While the developed world will be far better
equipped to deal with the effects of climate
change, some of the poorest regions may be
affected most. This gap can potentially provide
an avenue for extremist ideologies and create

the conditions for terrorism.

THE DESTABILIZING IMPACTS
OF CLIMATE CHANGE

REDUCED ACCESS TO FRESH WATER

Adequate supplies of fresh warer for drinking,
irrigation, and sanitation are the most basic
prerequisite for human habitation. Changes in
rainfafl, snowfall, snowmelt, and glacial melt
have significant effects on fresh water supplies,
and climate change is likely to affect all of those
things. In some areas of the Middle East,
tensions over water already exist.

Mountain glaciers are an especially threatened
source of fresh water [3]. A modest rise in

temperarure of about 2° to 4°F in mountainous

GEO-STRATEGIC JMPLICATIONS + SecurityAndCiimata.cna.org 13
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VICE ADMIRAL RICHARD H. TRULY, USN (Ret.)
Former NASA Administrator, Shuttle Astronaut and the first Commander of the Naval Space Command

ON DRAWING HIS OWN CONCLUSIONS

Retired Vice Adm. Richard H. Truly was a space
shuttle commander and NASA administrator and
is a member of the National Academy of Engi-
neering. When he began service as director of the
Department of Energy’s National Renewable
Energy Laboratory in 1997, he reminded his
staff that he would be confronted with a new set
of issues.

“f told them that | was unencumbered with
experience or knowledge of the energy business,
and that { would need their help,” Adm. Truly said.
“1 had a pretty steep learning curve.”

QOne of the first issues he was asked to consider
was the extent to which fossil fuel emissions were
affecting the climate.

“I wasn’t convinced by a person or
any interest group—it was the data

that got me.”

“t was a totaf agnostic,” Truly said. “I had spent
most of my life in the space and aeronautics world,
and hadn’t really wrestied with this. | was open-
minded.”

“Over the course of the next few years, | started
really paying attention to the data. When | looked
at what energy we had used over the past cou-
ple of centuries and what was in the atmosphere
today, | knew there had to be a connection. | wasn't
convinced by a person ar any interest group—it
was the data that got me. As | looked at it on my
own, { couldn't come to any other conclusion. Once
i got past that point, | was utterly convinced of this
connection between the buming of fossii fuels and
climate change. And | was convinced that if we
didn’t do something about this, we wouid be in
deep trouble.”

Adm, Truly noted an {ronic twist about his path
to this conclusion. *1 was NASA administrator when

Jim Hansen was first tafking about these issues,” he
said, referring to NASA's top climate scientist. “But
1 was focused eisewhere then, and | should have
listened more closely. { didn't become a convert untit
saw the data on my own.”

“The stresses that ciimate change wilf put on our
nationai security will be different than any we've
dealt with in the past, For ane thing, uniike the
challenges that we are used to deafing with, these
wilt come upon us extremely sfowly, but come they
will, and they will be grinding and inexorable. But
maybe more challenging is that they will affect
every nation, and afl simultaneously. This is why
we need fo study this issue now, so that we'll be
prepared and not overwheimed by the required
scope of our response when the time comes.”

When asked about his experience twenty-five
years ago in space, and how it affects him today,
Adm. Truly said, “it does chenge you, there;
doubt about it. | have images burned in my 3
that will never go away-—images of the earth and
its fragility. { was a test pilot. { was an aviator.
{ was not an environmentafist. But | do Jove
the ratural environment, and seeing the earth
from space was the experience that 1 return
10 when ! think about what we know now about
the climate.”

“One of the things that struck me on my first day
in space is that there is no biue sky. it's something
that every human fives with on Earth, but when
you're in space, you don't see it. it looks tike there's
nothing between you and the surface of the earth,
And out beyond that, it looks like midnight, with only
deep black and stars.”

“But when you look at the earth's horizon, you
see an incredibly beautiful, but very, very thin fine.
You can see a tiny rainbow of color. That thin fine
is our atmosphere. And the real fragility of our
atmosphere is that there's so fittie of it.”

14 securityAndCrimate.cna.org



regions can dramatically alter the precipitarion
mix by increasing the share falling as rain while
decreasing the share falling as snow. The result

is more Hooding during the rainy season, a
shrinking snow/ice mass, and less snowmelt to
feed rivers during the dry season [4]. Forty percent
of the world's population derives at least half of its
drinking water from the summer melt of mountain
glaciers, but these glaciers are shrinking and some
could disappear within decades. Several of Asia’s
major rivers—the Indus, Ganges, Mekong, Yangtze,
and Yellow—originate in the Himalayas {4}, If the
massive snow/ice sheet in the Himalayas—the
third-largest ice sheet in the world, after those in
Antarctic and Greenland— continues to melt, it
will dramatically reduce the water supply of much
of Asia.

Most countries in the Middle East and
northern Africa are already considered water
scarce, and the International Water Resource
Management Institute projects that by 2025,
Pakistan, South Africa, and large parts of India
and China will also be water scarce [5]. To put
this in perspecrive: the U.S, would have to suffer
a decrease in water supply that produces an 80
percent decrease in per capita water consumption
to reach the United Nations definition of “water
scarce.” These projections do not factor in climate
change, which is expected to exacerbate water -

problems in many areas.

{MPAIRED FOOD PRODUGTION

Access to vital resources, primarily food and
water, can be an additional causative factor of
conflicts, a number of which are playing out
today in Africa. Probably the best known is the
conflict in Darfur berween herders and farmers.
Long periods of drought resulred in the loss of
both farmland and grazing land to the desert.
The failure of their grazing lands compelled the
nomads to migrate southward in search of wa-
ter and herding ground, and that in turn jed to

conflict with the farming tribes occupying those
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lands. Coupled with population growth, tribal,
ethnic, and religious differences, the competi-
tion for land turned violent, Probably more

than any other recent conflict, Darfur provides

In some areas of the Middle East,
tensions over water already exist.

a case study of how existing marginal situa-
tions can be exacerbated beyond the ripping
point by climate-related factors. It also shows
hOW lﬂck Of ESSEntial resources thl’eatens not
only individuals and their communities but
also the region and the international commu-
nity at large.

Worldwide food production will be affecred
by climate change in a variety of ways. Crop
ecologists estimate that for every 1.8°F rise
in temperature above historical norms, grain
production will drop 10 percent {6].

Most of the wotld’s growth in food demand
is occurring on the Indian subcontinent and in
sub-Saharan Africa, areas already facing food
shorrages [6]. Over the coming decades, these

areas are expected to become hotter and drier {7},

HEALTH CATASTROPHES

Climate change is likely to have major implications
for human health. While some impacts, such

as reduced deaths from cold temperatures in
some areas, will be positive, the World Health
Organization estimates that the overall impact
will be negarive {8],

The major concern is significant spreading
of the conditions for vector-borne diseases, such
as dengue fever and malaria, and food-botne
diseases, such as salmonellosis {8]. The decline
in available fresh water in some regions will also
have an impact, as good health and adequarte
supplies of clean water are inextricably linked.

A health emergency involving large numbers of
casualties and deaths from disease can quickly

expand into 2 major regional or global security

GEO-STRATEGIC {(MPLICATIONS * SecurityAndClimate.cna.org 15
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challenge that may require military support,
ranging from distribution of vaccines to

full-scale stability operarions {9].

LAND LOSS AND FLOODING: DISPLACEMENT
OF MAJOR POPULATIONS

About two-thirds of the world's population
lives near coastlines {10}, where critically
imporrant facilities and infrastructure, such as
transportation routes, industrial facilities, port
facilities, and energy production and distribution
facilities are located. A rise in sea level means
potential loss of land and displacement of large
numbers of people. Even in our own nation,
Hurricane Katrina showed the social upheaval
and tensions that can result from land Joss and
displaced populations. But while the impact of
inundation from one-time occurrences such as
Hurricane Katrina is temporary, even as it is
devastating, inundation from climate change is
likely to be permanent on the scale of human
lifetimes. Rising sea levels will also make coastal
areas more vulnerable to flooding and land loss
through erasion.

Storm surges will also rake a greater toll on
coastal communities and infrastructure as sea
levels rise. According ro a Pacific Institute study,
a six-inch rise in the water level of San Francisco
Bay would mean a fairly routine one-in-ten-year
storm would wreak as much damage as a far
more serious "hundred-year storm” would have
caused before the sea level rise {11]. In the U.S.,
we may be able to cope with such a change, but
poorer nations would be greatly challenged.

Most of the economically important major
rivers and river deltas in the world—the Niger,
the Mekong, the Yangtze, the Ganges, the Nile,
the Rhine, and the Mississippi—are densely
populated along their banks. As sea Jevels rise
and storm surges increase, saline water can
contaminate groundwater, inundate river deltas

and valleys, and destroy croplands.

SECURITY CONSEQUENCES OF
THESE DESTABILIZING EFFECTS

GREATER POTENTIAL FOR FAILED STATES
AND THE GROWTH OF TERRORISM

Many developing countries do not have the
government and social infrastructures in place
to cope with the types of stressors that could be
brought on by global climate change.

When a government can no longer deliver
services to its people, ensure domestic order,
and protect the nation’s borders from invasion,
conditions are ripe for turmoil, extremism and
terrorism to fill the vacuum. Lebanon’s
experience with che terrorist group Hezbollah
and the Brazilian government’s attempts to
reign in the slum gang First Capical
Command {12] are both examples of how the
central governments’ inability to provide basic
services has led to strengthening of these

extra-governmental entities.

MASS MIGRATIONS ADD TO GLOBAL TENSIONS

The reasons for mass migrations are very
complex. However, when water or food supplies
shift or when conditions otherwise deteriorate
(as from sea level rise, for example), people will
likely move to find more favorable conditions
[13]. Although climare change may force
migrations of workers due to economic
conditions, the greatest concern will be
movement of asylum seekers and refugees who
due to ecological devastation become settlers:

+ By 2025, 40 percent of the world’s population
will be fiving in countries experiencing
significant warer shortages [14].

+ Over the course of this century, sea level
rise could potentially cause the displacement of
tens of millions of people from low-lying areas
such as Bangladesh {15].

Migrations in themselves do not necessarily
have negative effects, although taken in the context
of global climate change a net benefit is highly

unlikely. Three types of migration parterns occur.
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ADMIRAL T. JOSEPH LOPEZ, USN (Ret.)
Former Commander-in-Chief, U.S. Naval Forces Europe and of Allied Forces, Southern Evrope
ON CLIMATE CHANGE AND THE CONDITIONS FOR TERRORISM

Some Americans believe we donm’t need to
worry about climate change for decades. They
say the issue isn’t as urgent as the war on terror.
Adm. Lopez, the retired top NATO commander
in Bosnia, has a different take. He sees a strong
connection between the two.

“Climate change will provide the conditions that
will extend the war on terror,” Adm. Lopez said.

“You have very real changes in natural sys-
tems that are most likely to happen in regions
of the world that are already fertile ground
for extremism,” Adm. Lopez said. “Droughts, vio-
lent weather, ruined agricuitural fands—-thase are
the kinds of stresses we’ll see more of under cli-
mate change.”

Those changes in nature will lead to changes
in society. “More poverty, more forced migrations,
higher unemployment, Those conditions are ripe
for extremists end terrorists.”

in the controversial war on terrorism, Adm.
Lopez noted, there is general agreement on
at least one thing: it's best to stop terrorism
before it develops. “In the long term, we want to
address the underlying conditions that terrorists
seek to exploit. That's what we’d like to do, and
it's a consensus issue—we all want to do that.
But climate change prolongs those conditions. 1t
makes them worse.”

“Dealing with instability and how you mitigate
that leads to questions about the role U.S. security
forces can play,” Adm. Lopez added. “What can
we do to afleviate the problems of instabifity in
advance? And keep in mind this will ali be under a
challenged resource situation, This is very compli-
cated. Of course, the military can be a catalyst for
making this happen, but it can't do it all. This is
also about economics, pofitics, and diplomacy.

“in the mifitary, we've often run into problems
associated with what we call ‘stovepipes,” where
each branch of the service has its own way of
doing things. And we've learned that stove-
pipes don’t work well. We have to take the same
approach with our government, to ensure that
the many agencles are working together. In those
cases where we do get involved, the task shouid
not automatically be the responsibility of the U.S.
military.”

He also described other fayers of complexity.
Even in those cases where the U.S. may choose
to embrace such a role, the best solutions may
require a nongovernmentalcomponent. *ifyoudon’t

“Climate change will provide the conditions
that will extend the war on terror.”

include economists or far-thinking, out-of-the-box
business peopis in this, you’li get shortchanged.”
He also said the U.S. “can't imply that we'li do this
aft alone. We need to make sure we don’t give that
impression. The same forces of aconomics, busi-
ness, politics, diplornacy, and military and security
interests can function to buid coalitions in order
to maintain stability when challenged by dramatic

climate change.”
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The greatest concern will be movement
of asylum seekers and refugees who
due to ecological devastation become

settlers...

18 Securityandciimate.cns.org

Some migrations take place within countries,
adding to a nation’s political stress, causing
economic upheaval-—positive and negative—and
distracting from other issues. As a developed
nation, the U.S. was able to absorb the displace-
ment of people from the Gulif Coast in the
wake of Hurricane Katrina without suffering
economic or political collapse, but not without
considerable rurmoil.

Some migrations cross international borders.
Environmental degradation can fire} migrations in
less developed countries, and these migrations
can lead to international political conflice. For
example, the large migration from Bangladesh
to India in the second half of the last century
was due largely to loss of arable land, among
other environmental factors. This affected the
economy and political situation in che regions
of India that absorbed mast of this population
shift and resulted in violence between natives
and migrants [16].

A third form of migration involves not only
crossing international borders but moving across
vast regions while doing so, Since the 1960s,
Europe has experienced this kind of “south to
north” migration, with an influx of immigrants
from Africa and Asia, The shift in demographics
has created racial and religious tensions in
many European countries, as evidenced in the

2005 civil unrest in France.

POTENTIAL ESCALATION OF CONFLICTS
OVER RESQURCES

To live in stability, human societies need access
certain fundamental resources, the most
important of which are water and food. The lack,
or mismanagement, of these resources can under-
cut the stability of local populations; it can affect
regions on a national or international scale.

Disputes over key resources such as water do
not automatically trigger violent outcomes, and
no recent wars have been waged solely over water
resources. In areas with a strong government and
societal cohesiveness, even tense disputes and
resource crises can be peacefully overcome. In
fact, in recent years, argnments have been made
chat multinational cooperation over precious
water resources has been more an instrument of
regional peace than of war {17},

Nevertheless, resource scarcity always has the
potential to be a contributing factor to conflict
and inseability in areas with weak and weakly
supported governments [19]. In addition, there
is always the potential for regional fighting to
spread to a national or international scale. Some
recent examples include: the 1994 genocide in
Rwanda that was furthered by violence over
agricultural resources; the situation in Darfur,
Sudan, which had fand resources at its roor and
which is increasingly spilling over into neighboring
Chad; the 1970s downfall of Ethiopian Emperor
Haile Selassie through his government’s inability
ro respond to food shortages; and the 1974
Nigerian coup that resulted largely from an
insufficient response to famine {19].

Whether resource scarcity proves to be the
impetus for peaceful cooperation or an instigator
of conflict in the future remains to be seen.
Regions that are already water scarce (such as
Kuwait, Jordan, Israel, Rwanda, Somnalia, Algeria,
and Kenya) may be forced to confront this choice

as climate change exacerbates their water scarcity.
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REGIONAL IMPACTS OF CLIMATE CHANGE

AFRICA

VULNERABLE TO CLIMATE CHANGE IMPACTS

Africa’s importance to U.S. national security
can no fonger be ignored. Indeed, with the recent
establishment of a U.S. Aftican Command, the
U.S. has underscored Africa’s strategic impor-
tance, Its weak governments and the rising
presence of terrorist groups make Africa
important to the fight against terrorism.
Moreover, Africa is also of strategic value to
the U.S. as a supplier of energy; by 2015, it will
supply 25 to 40 percent of our oil, and it will
also be a supplier of strategic minerals such as

chrome, platinum, and manganese.

Such changes will add significantly

to existing tensions and can facilitate
weakened governance, economic
collapses, massive human migrations,
and potential conflicts.

20
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Reductions in soil moisture and further loss
of arable land may be the most significant of
the projected impacts of climate change in
Africa. At the same time, extreme weather
events are likely to increase. These expected
changes portend reduced supplies of porable
water and food production in key areas. Such
changes will add significantly to existing ten-
sions and can facilitate weakened governance,
economic collapses, massive human migrations,
and potential conflicts. In Somalia, for example,
alternating droughts and Aoods led to migra-
tions of varying size and speed and prolonged
the instability on which warlords capitalized.

Increased political instability in Africa
potentially adds additional security requirements
for the U.S. in a number of ways. Stability
operations, ranging from humanitarian direct
delivery of goods and the protection of relief
workers, to the establishment of a stable and
reconstructed state, can place heavy demands
on the U.S. military. While the nature of future
stability operations is a matter of speculation,
histerically some stability operations have
involved significant military operations and
casualties. Political instabiliry also makes access
to African trade and resources, on which the
U.S. is reliant for both military and civilian uses,

a riskier proposition.

UNSTABLE GOVERNMENTS AND
TERROR{IST HAVENS

Affrica is increasingly crucial in the ongoing
battle against civil strife, genocide, and terror-
ism. Numerous African countries and regions
already suffer from varying degrees of famine
and civil strife. Darfur, Echiopia, Eritrea,
Somalia, Angola, Nigeria, Cameroon, Western
Sahara~—all have been hit hard by tensions that
can be traced in part to environmental causes.
Struggles that appear to be tribal, sectarian,
or nationalist in nature are often triggered by
reduced water supplies or reductions in agricul-
tural productivity.

The challenges Africa will face as a result
of climate change may be massive, and could
present serious threats to even the most stable

of governments. Many African nations can
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GENERAL CHARLES F. “CHUCK” WALD, USAF (Ret.)
Former Deputy Commander, Headquarters U.S. European Command (USEUCOM)

ON CLIMATE CHANGE IN AFRICA

When asked why Americans should be interested
in African security issues, retired Air Force Gen.
Chuck Wald gave a number of reasons.

“We ought to care about Africa because
we're a good country,” Gen. Wald said. “We
have a humanitarian character; it’s one of our
great strengths, and we shouldn't deny it. Some
may be tempted to avert their eyes, but { would
hope we instead see the very real human sut-
fering taking place there. We should be moved
by i#t, challenged by it. Even in the context of
security discussions, | think these reasons
matter, because part of our security depends on
remaining true fo our values.

“There are exotic minerals found only in
Africa that have essential military and civilian
uses,” Gen. Wald continued. “We import more
oit from Africa than the Middie East—prob-
ably a shock to a lot of people—and that share
wilt grow. Africa couid become a major exparter
of food.

“My view is that we’ll be drawn into the poli~
tics of Africa, to a much greater extent than in the
past. A lot of Americans today would say Africa is
an optional engagement. { don't think that’s the
case, even today, but it certainly won't be in the
future.”

To show how ciimate change can worsen
conditions that are already quite desperate, Gen.
Wald describad a trip to Nigeria.

“We landed in Lagos late in the aftermoon,”
Gen. Waid said. “This is a city, now, with roughly
417 milion people. The best way to describe
our drive from the airpert to the hotel is that
it reminded me of a *Mad Max" movie. There
were massive numbers of people on the roads,
just miling around. There were huge piles of
trash. There were fires along the roadside and
in the distance—huge fires. it was just short
of anarchy.

“That’s the situation today. Even in a time of
refative stability, there is very littie civil gov-
ernance, and very little ability to serve huge
numbers of peopie with basics like electricity,
clean water, haalth care, or education.

“Uf you add rising coastal waters and more
exireme weather events, you then have milions
of people who could be displaced. There really
is no controlled place for them to go, no capac-
ity for an organized departure, and no capacity
to make new fiving situations. When you add in
the effects of climate change, it adds to the

“My view is that we’ll be drawn into the
politics of Africa, to a much greater extent

than we have in the past.”

existing confusion and desperation, and puts
more pressure on the Nigerian government. i
makes the possibility of conflict very reat. If the
delta is flooded, or if major storms damage their
drilling capacity, you lose the primary source
of income.

“Culturally, you have a country that is split
geographically between Muslims and Christians.
# migrations occuy, you put real pressure on that
country. it's already tense and fragile. When you
exacerbate that situation with climate change
effects, it's not hard to postulate on the dangers.”

VOICES OF EXPERIENCE« SscurityAndCiimate.cna.org 2%
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best be described as failed srates, and many
Aftican regions are largely ungoverned by civil
institutions. When the conditions for failed
states increase—as they most likely will over
the coming decades—the chaos that results can
be an incubator of civil strife, genocide, and the

growth of terrorism.

LESS EFFECTIVE GOVERNANCE
AND POTENTIAL MIGRATIONS

More than 30 percent of the world’s refugees and
displaced persons are African. Within the last
decade, severe food shortages affected twenty-five
African countries and placed as many as 200
million people ‘on the verge of calamity” {20].
Expecred future climate change will
exacerbate this problem. The Sahara desert is
spreading {21}, and the sub-Saharan region is
expected to suffer reduced precipitation {22].
As climate changes and agricultural patterns
are disrupted, the geopolitics of the furure will

increasingly be the politics of scarcity. Potential

...the chaos that resuits can be an
incubator of civil strife, genocide,
and the growth of terrorism.

22 securityandGlimate.cna.arg

rainfall decreases in North Africa wounld likely
exacerbate the problem of migration to Europe.
Reduced rainfall and increasing desertificarion
of the sub-Saharan region will likely also result
in migrations to Burope, as well as migrations

within the African continent.

LAND LOSS AND WEATHER
DISASTERS

Sea level rise could also result in the displace-
ment of large numbers of people on the
African continent, as more than 25 percent

of the African population lives within 100

kilomerers (sixty-two miles) of the coast, and
six of Africa’s ven largest cities are on the coast.
Nigeria and Mozambique are particularly vul--
nerable to the effects of sea level rise and storm
surges. Two cyclones in 2000 displaced 500,000
people in Mozambique and caused 950,000
people to require some form of humanitarian
assistance {23]. The Niger Delta accounts for
about 7.5 percent of Nigeria’s Jand area and a
population of 20 million people.

In light of the potential magnitude of the
human crisis that could resuit from major
weather-related natural disasters and the
magnitude of the response and recovery efforts
that would be required, stability operations
carcied out by international militaries will likely

occur more frequently.

HEALTH CHALLENGES WILL
CONTINUE TO ESCALATE

Severe and widespread continental health issues
complicate an already extremely volatile envi-
ronment. Climare change will have both dir
and indirect impacts on many diseases endemic
to Africa such as malaria and dengue fever [24).
Increases in temperature can expand the latitude
and altitude ranges for malaria, and Aooding
from sea level rise or severe weather events can
increase the population of malaria vectors. For
example, a temperature rise of 2°F can bring a
malaria epidemic to Kenya. Excessive Aooding

is also conducive to the spread of cholera.



VICE ADMIRAL PAUL G. GAFFNEY Il, USN (Ret.)
Former President, National Defense University; Former Chief of Naval Research and Commander,
Navy Meteorology and Oceanography Command

ON MILITARY RESEARCH AND CLIMATE SCIENCE

The Department of Defense and the intelligence
community have in the past used their immense
capability for data coflection and analysis to
address national and internationai environmental
questions, Retired Vice Adm. Paul G. Gaffney #
says we have the capacity to do this again, this
time for better understanding and monitoring of
climate change.

The DoD offers equipment, talent and, as
Adm, Gaffney put it, “Data, data, data.”

“You will find the defense and intelligence
communities have extraordinary amounts of
data, and, if done in a careful and deliberate
manner, data collected in the past and into the
future can be made available to climate scien-
tists,” Adm. Gaffney said. “Be it imagery, other
satellite records, data from Navy oceanographic
‘hips and vehicles, surface warships and subma-

: rines, or observations collected by aircraft—-you
can find ways to smooth it 1o protect what must
be protected if the raw deta cannot be refeased.
if ctimate change is, in fact, a critical issue for
security, then the military and intelligence com-
munities shouid be specifically tasked to aggres-
sively find ways {o make their data, talent, and
systems capabilities available to American efforts
in understanding climate change signats.

“Most of our ships are aleady outfitted to
collect basic atmospheric and oceanic information.
U.S. military platforms are aii over the world, alt
of the time; they become platforms of opportunity
to collect data for this giobal issue.”

Adm. Gaffney also cited staff capabiities.

“The quallty of personnet from the defense
and intelligence organizations is exceptional,”
he said. “Within the DoD, we have labs that are
as good as any that exist anywhere in the worid,
using whatever metrics you want—papers pub-
fished, patents, Nobe! faureates.

“Look at the Navy ocean modelers and
remote sensing experts. They worked with
scientists at NASA’s Jet Propuision Lab to
uniock the secrets of El Nifio, using space-
bome altimetry data and new numericai ocean
circuiation models, The mission was a military
one, but it ultimately played a role in helping us
understand more about the climate.”

Throughout the Cold War, the U.S. and the
Saviet Union each coitected data in the Arc-
tic. lce thickness and sub-ice ocean conditions
affecting acoustics were critical security issues.

“The mission was a military one, but it
uitimately played a role in helping us
understand more about the climate.”

After the breakup of the Soviet Union, many
saw that that data could be used to determine
temperature and ice condition changes over
time. The two sides coflaborated on ways
to share and reconcilé the data, and in 1996
reieased the Arctic Ocean Atlas to the
world’s scientific community. The data have
advanced understanding of climate change in
significant ways.

“i think there’s another component to
this,” said Adm. Gafiney. “Defense employees
[military and civilian] actually have a respon-
sibility to the nation when they have a cer-
tain skill. They have a responsibility to share
that with the public and the nation, as long as
security is not compromised. They've done this in
the past. And {'d fove to see them able to do this
more often in the future.”
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CLIMATE CHANGE CAN AFFECT IMPORTANT
U.S. STRATEGIC INTERESTS

Most climate projections indicate increasing
monsoon variability, resulting in increases in
both flood and drought intensity in temperate
and tropical Asia [24]. Almost 40 percent of
Asia’s population of nearly 4 billion lives within
forty-five miles of its nearly 130,000-mile-long
coastline. Sea level rise, warer availability
affecting agricultural productivity, and increased
effects of infectious disease are the primary cli-

mate effects expected to cause problems in Asia.

SEA LEVEL RISE MAY
THREATEN MILLIONS

Some of the most vulnerable regions in the
world to sea level rise are in southern Asia,
along the coasts of Pakistan, India, Sti Lanka,
Bangladesh, and Burma; and Southeast Asia,
along the coasts between Thailand and Viet-

nam, including Indonesia and the Philippines.

Asia, where hundreds of millions of
people rely on waters from vanishing
glaciers on the Tibetan plateau, could
be among the hardest hit regions.

24 securityandClimata.caa.org

Sandy coastlines backed by densely popu-
lated, low-lying plains make the Southeast
Asian region particularly vulnerable to inunda-
tion. Coastal Malaysia, Thailand, and Indonesia
could all be threatened with flooding and the
loss of important coastal farmlands.

‘The lacation and topography of Bangladesh
make it one of the most vulnerable countries

in the wortld to a rise in sea level. Situated at

the northeastern region of South Asia on the
Bay of Bengal, it is about the size of lowa with
a population of almost 150 million. It is very
flat and Jow lying, except in the northeast and
southeast regions, and has a coastline exceed-
ing 300 miles. About 10 percent of Bangladesh
is within three feet of mean sea level. Over the
next century, population rise, land scarcity and
frequent flooding coupled with increased scorm
surge and sea level rise could cause millions of
people to cross the border into India. Migration
across the border with India is already such a
concern that India is building a fence to keep
Bangladeshis out,

India and Pakistan have long, densely popu-
fated and Jow-lying coastlines that are very v
nerable to sea level rise and storm surge. CDQ
agriculture, infrastructure, and onshore oil
exploration are at risk. Possible increases in the
frequency and intensity of storm surges could
be disproportionately large in heavily developed
coastal areas and also in low-income rural areas,
particularly such low-lying cities such as Mum-
bai, Dhaka and Karachi.

WATER STRESS AFFECTS ASIA’'S
ABILITY TO FEED ITS PEOPLE
By 2050, regions dependent on glacial melting
for water may face serious consequences, Asia,
where hundreds of millions of people rely on
waters from vanishing glaciers on the Tibetan
plateau, could be among the hardest hit regions.
Climate change has the potential to exacerbate
water resource stresses in most regions of Asia

[7]. Most countries in Asia will experience
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ADMIRAL JOSEPH W. PRUEHER, USN (Rst.)

Former Commander-in-Chief of the U.S. Pacific Command (PACOM) and Former U.S. Ambassador to China

ON CLIMATE CHANGE IN THE PACGIFIC

in a discussion of climate change issues in the
Pacific region, retired Adm. Joseph Prueher first
considered tha issue from a singular perspective:
the impact climate change may have on the
region’s governments and their relative stability.

Using Singapore as an example, he said, “it's
a democracy, but with a very strong leadership.
They've prospered, but owing to jack of space
they have many restrictions we do not have. if one
looks ahead to the effects of climate change, you
start with the understanding that Singapore, fow
lying and very hot, will face more storms and more
moisture. It will face coastal impacts. These kinds
of changes, in a crowded nation, create a whole
set of issues that affect not just the economy and
cutture, but the security dynamic as well.”

Adm. Prueher then shifted the conversation to
the region’s governments in general.

“it may welt be that in very crowded nations, a

. stronger government is necessary in order fo avoid
instability,” he said. “in Asia, one sees a whole line
of countries with governmenits exercising very firm
control. But when you look to the future to con-
sider the kinds of impacts we may see—fiooding,
axireme weather events, real disruptions—you
also have to consider some steps that we in the
U.S. wouid think offensive. Those are steps these
governments may feel they need to take in order o
avoid chaos.”

Referencing low-lying regions where arable
{and wili be lost, he said, “You see mass destruc-
tion in countries where the government is not
robust. When people can’t cops, governing struc-
tures break down.”

Adm. Prueher noted that how a government
responds presents a new set of issues for Ameri-
can politica and mifitary feaders.

“Most of our security forces are for protect-
ing our nation from outside, but that’s not nec-
essarily the case in the rest of the world," Adm.
Prueher said. “Military personnel elsewhere are

often directed internally. They focus on keeping
internal order. There might be cases where the
U.S. military might be in a position to heip deal
with the effects of climate change—with flocods or
the migrations that might resuit from them. The
immediate goal would be to relieve suffering, notto
preserve governments. But if you're partnering
with a nation’s army keeping domestic order, that
can be a real chailenge.”

When asked about China, Adm. Prueher noted
that the European Union is working to identify
ways of cooperating with the Chinese on the
development of clean coal technoiogies. And he
cautioned against those in the U.S, who oppose
any kind of technology exchange with China.

“Yes, China is focused heavily on growth. Yes,
there is what | think is a quite remote possibility
of future military conflict. And, yes, i is a real chai-
fenge to negotiate with them; one can count on
them to negotiate toward what they perceive to be
their own nationat interest,” he said. “Reasonabie
enough. But on the issue of carbon emissions, it
doesn’t help ustosolve our problemif Chinadoesn’t
soive theirs. And that means we need to engage
them on many fronts. Issues of great importance to
our world will not get sofved without U.S.-Chinese
cooperation. { happen to fike dealing with the
Chinese. You may noft, or you may be suspicious
of them, but we need to cooperate,

“They have 1.3 billion peopie, 200 million of
whom are under-employed or unempioyed,” Adm.
Prueher said. “They have a great deal of pride and
see themselves as a great nation, Most of what we
say to enhance environmenta! progress in China is
seen by them as a way to stop them from continu-
ing economic growth.

“Not talking to the Chinese is not an option.”
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LIEUTENANT GENERAL LAWRENCE P. FARRELL JR., USAF (Ret.}
Former Deputy Chief of Staff for Plans and Programs, Headquarters U.S. Air Force
ON CLIMATE, ENERGY AND BATTLEFIELD READINESS

Retired Air Force Lt. Gan. Larry Farrell sees a
great deal of uncertainty about climate change
and appears willing o engage any credibie
scientist in discussions of discrepancies among
climate modeis.

“You might say 'm from Missouri on this
issue—you have to show me,” he said. “And there
is stilt much uncertainty and debate on this issue.”
Despite this, Gen. Farrell sees indications that
some change is occurring.

“Clearly, thera has been some warming over
the past 100 years and some climate change.
These changes have been accompanied by fairly
significant increasas in the greenhouse gases car-
bon dioxide and methane. If there is a connaction
between warming trends and greenhouse gases,
our use of energy may be playing a part in this. if
these trends continue into the future, the changes
could well exacerbate existing social and pofiti-
cal instabilities and create new ones. The military
has the obligation to assess the potential mifitary
implications of these trends.” Gen. Farrelf's pref-
erence is to focus on solutions.

“f you advocate inteligent energy solutions,
you'll solve this problem,” Gen. Farreft said,
before walking through a fong list of reasons for a
focus on energy.

A key concern for Gen. Farrell: battiefietd
readiness.

“Saventy percent of the tonnage on the battle-
field is fuel,” he said. “That's an amazing number.
Between fuel and water, it's almost everything we
take to the battlefisld. Food and ammo are really
quite smalf in comparison.

“Defivering that fuel requires secure fines of
communication,” Gen. Farrell said, “if you have
bases nearby, you may be able to deliver it with
rmuch less risk, but that's a supply fine issue.
And we see in iraq how dangerous it can be to
transport fuel.

“The military should be interested in fuel
economy on the batilefield,” he said, “it's a
readiness issus. {f you can move your men and
materiet more quickly, if you have less fonnage but
the same teve! of protection and firepower, you're
more efficient on the battlefield. That’s a life and
death issue.”

Gen. Farrell talked about the challenge of
focusing on long-term issues.

“Climate change is not something peopfe
can recognize,” he said. “in geologic times, it's
quick. But in human terms, it's stilf very slow.
#'s hard to get all of us to do something about
it. And that feads me to believe we should deat
with other things that are a problem today
but that aiso get us to the heart of climate
change. That's where | get fo the issue of
smart energy choices.

“Focus on conservation and on energy s 3
es that aren't based in carbon. Move towb
hydrogen economy, in part because you know it wift
ultimately give you efficiency and, yes, profit.
When you pursue these things, you build alfiances
along the way. That's safety. it's a benefit we see
right now.”

He suggested another reason as well: There are
rmifitary impacts that come from our energy use.

*We're forced o be interested in parts of the
world because of our energy consumpftion,” he
said. “Solving the energy problem solves a real
security problemn. You get to choose your points of
engagement. it's like one of the things your grand-
mother told you. ‘Don’t go looking for trouble.
if you find trouble, you have to deal with it—-but
don't go looking for it!* Well, when we go tooking
for oif, we're really looking for trouble.”
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substantial declines in agricultural productivity
because of higher temperatures and more variable
rainfall patterns {25]. Net cereal production in
Sourh Asia, for example, is projected to decline
by 4 to 10 percent by the end of this century
under the most conservative climate

change projections.

But the problem isn't just water scarcity—
too much water can also be a problem. By 2050,
snow melting in the high Himalayas and
increased precipitation across northern India
are likely to produce flooding, especially in
catchments on the western side of the Himalayas,
in northern India, Nepal, Bangladesh,
and Pakistan.

RISING SPREAD OF INFECTIOUS
DISEASE

Climate change is expected to increase the
geographic range of infectious diseases such

as malaria, dengue fever, and schistosomiasis
and increase the risk of water-borne disease.
“limate projections indicate the Asia/Pacific

region as a whole is likely to become warmer
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and wetter in the coming decades, creating
conditions more conducive to disease vectors
such as mosquitoes. With the exception of east
central China and the highlands of west China,
much of the Asia/Pacific region is exposed to
malaria and dengue or has conditions suitable
for their spread. This region will continue to

be a hot spot for these diseases in the decades
ahead, with certain regions becoming more

prone to epidemnics.
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EUROPE

THREATENED BY CLIMATE PROBLEMS

FROM OTHER PARTS OF THE WORLD

Europe is getting warmer overall, northern
Europe is getting wetter, and southern Europe
is getting drier. (For the purposes of this report,
Europe includes the western part of the former
Soviet Union.)

The developed nations of Europe will likely
be able to deal with the direct climate changes
expected for that region, but some of the less
developed nations (the Balkans, for instance)
might be stressed. Europe has already expe-
rienced extreme weather events that herald
potential climate change effects: the more than
35,000 deaths associated with the heat wave of
2003 are a reminder of the vulnerability of all
nations to climate extremes [26]. Flowever, the

major impact on Europe from global climate

With its shortages of water, the
Mediterranean area could experience
considerable strain.

28
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change is likely to be migrations, now from the
Maghreb (Northern Africa) and Turkey, and
increasingly, as climate conditions worsen,

from Africa.

DIRECT IMPACTS: HOTTER
TEMPERATURES AND
RISING SEAS

Most of Europe has experienced surface
air temperature increases during the twentieth
century {1.44°F on average), with the largest
increases over northwest Russia and the Iberian

Peninsula. Temperatures in Europe since 1990

have been the warmest since records have been
kept. More heat waves across all of Europe are
likely to increase stress on human health and
could produce an increased risk of malaria and
dengue fever in southern Europe. Agricultural
zones would move north, and the Mediterra-
nean regions, especially in Spain, would suffer
a greater loss of productivity.

Precipitation is expected to increase in the
north but decrease in the central and eastern
Mediterranean zones and south Russia, with
acute water shortages projected in the Mediter-

ranean area, especially in the summer.

MITIGATION AND

ADAPTATION TO CLIMATE
CHANGE IN EUROPE

The capacity for adaptation to these changes

is very high in most of prosperous, industrial
Europe, but less so in lesser-developed places
like the Balkans, Moldova, and the Caucasus.
‘With its shortages of water, the Mediterranean
area could experience considerable strain. In
northern Europe, counrries may build higher
dikes, as they have done in the past, but ata
certain point that may not be sufficient, and
much port and other coastal infrastructure
would have 10 be moved further inland, at
great expense. Some northern migration within
Europe might be expected-~the Italians already
face a large Albanian immigration, and others

may press north from the Balkans,



THE PRIMARY STRATEGIC CONCERN
OF EUROPEANS: MASSIVE MIGRATIONS
TO EUROPE

The greater threat to Europe lies in migra-
tion of people from across the Mediterranean,
from the Maghreb, the Middle East, and
sub-Saharan Africa. Environmental scresses and
climare change are cerrainly not the only factors
driving migrations to Europe. However, as more
people migrate from the Middle East because
of water shortages and loss of their already
marginal agricultural lands (as, for instance,
if the Nile Delta disappears under the rising
sea level), the social and economic stress on

European nations will rise.

165

It is possible that Europeans, given their
fong and proximate association with the sub-
Saharan African countries, may undertake more
stability operations, as they have in Sierra
Leone and Cate d'Ivoire. Their militaries,
and in particular their navies and coast guards,
would also have to increase their activities
in securing their borders and in intercepting
migrants moving by sea, as is now going on

through the Canary Islands.
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MIDDLE EAST

ABUNDANT OIL, SCARCE WATER AND
INTERNATIONAL CONFLICT

The Middle East has always been associated
with two natural resources, oil (because of its
abundance) and water (because of its scarcity).
The Persian Gulf contains more than half (57
percent) of the world’s oil reserves, and about
45 percent of the world's natural gas reserves.
And because its production costs are among the
world's lowest, the Persian Gulf region is likely
to rermain the world’s largest oil exporter for the
foreseeable future. At the end of 2003, Persian
Gulf countries produced about 32 percent of
the world's oil. Because of its enormous oil
endowment, the Middle East is one of the most
strategically significant regions of the world. The
security impacts of climate change on the Middle
East are greatly magnified by its historical and
current levels of inrernational conflict, and
competition for increasingly scarce resources
may exacerbate the level of conflict. This is the
region of the world in which the U.S. is most

engaged milirarily.

WATER: INCREASING STRESS ON
AN EXISTING SHORTAGE

In this region, water resources are a critical
issue; throughout history, cultures here have
flourished around particular water sources. With
the population explosion underway, water will
become even more critical, Of the countries in
the Middle East, only Egypt, Iran, and Turkey
have abundant fresh water resources. Roughly
two-thirds of the Arab world depends on sources
outside their borders for water. The most direct
effect of climate change to be felr in the Middle
East will be a reduction in precipitation. But the

change will not be uniform across the region.
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The flows of the Jordan and Yarmuk rivers are
Likely to be reduced, leading to significant water
stress in Israel and Jordan, where water demand
already exceeds supply. Exacerbation of water
shortages in those two countries and in Oman,
Egypt, Iran, and Iraq are likely to threaten con-
ventional crop production, and salinization of
coastal aquifers could further threaten agriculture

in those regions.
SEA LEVEL RISE

Sea level rise combined with increased water
demand from growing populations are likely to
exacerbate saltwater intrusion into coastal fresh
water aquifers, already a considerable problem for
the Gaza Strip. Salinization of coastal aquifers
could further threaten agriculture in these regic
Additional loss of arable land and decreases in
food security could encourage migration within
the Middle East and Africa, and from the Middle

East to Furope and elsewhere.

INFLAMING A REGION OF
POLITICAL INSTABILITY

Climare change has the porential to exacerbate
tensions over water as precipitation patterns
change, declining by as much as 60 percent in
some areas. In addition, the region already suffers
from fragile gavernments and infrastrucrures,
and as a result is susceptible to natural disasters.
Overlaying this is a Jong history of animosity
among countries and religious groups. With most
of the world’s oil being in the Middle East and
the industrialized and industrializing nations
competing for this resource, the potential for
escalating tensions, economic disruption, and

armed conflict is great.
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GENERAL ANTHONY C. “TONY” ZINNi, USMC (Ret.)
Former Commander-in-Chief of U.S. Central Command (CENTCOM)

ON CLIMATE CHANGE, INSTABILITY AND TERRORISM

A starting peint in understanding this connection
might be to “look at how climate change sffects
could drive populations to migrate,” Gen. Zinni
said. “Where do these people mova? And what
kinds of conflicts might result from their migra-
tion? You see this in Africa today with the flow of
migrations. i becomes difficult for the neighbor-
ing countries. it can be a huge burden for the host
country, and that burden becomes greater if the
international community is overwhelmed by these
oceurrences.

“You may aiso have a population that is
traumatized by an event or a change in condi-
tions triggered by climate change,” Gen. Zinni
said. “if the government there is not abie to
cope with the effects, and if other institutions
are unable to cope, then you can be faced with
a coflapsing state. And these end up as breed-
ing grounds for instability, for insurgencies, for
w~arlords. You start to see real extremism. These
places act fike Petri dishes for extremism and for
terrorist networks.”

in describing the Middle East, the former
CENTCOM commander said, “The existing
situation makes this place more susceptible to
problems. Even smalf changes may have a greater
impact here than they may have elsewhere. You
already have great tension over water. These
are cuftures often built around a single source
of water. So any stresses on the rivers and aqui-
fers can be a source of confiict. if you consider
fand foss, the Nile Delta region is the most fertile
ground in Egypt. Any losses there could cause a
real problem, again because the region is already
so fragile. You have mass migrations within the
region, going on for many decades now, and they
have been very destabilizing pofitically.”

Gen. Zinpi referenced the inevitability of
climate change, with giobat temperatures sure to
increase. But he also stressed that the intensity of
those changes couid be reduced if the U.S. helps
iead the way to a global reduction in carbon emis-
sions. He urged action now, even if the cosis of
action seem high.

“It’s not hard to make the connection
between climate change and instability,
or climate change and terrorism.”

“We will pay for this one way or another,” he
said. “We will pay to reduce greenhouse gas emis-
sions today, and we'll have to take an economic
hit of some kind. Or we will pay the price iater in
military terms. And that wili involve human fives.
There witt be a human toil.

“There is no way out of this that does not have
real costs attached to it. That has to hit home.”
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THE WESTERN HEMISPHERE

RISKS FOR THE UNITED STATES AND OUR NEIGHBORS
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Latin America includes some very poor nations
in Central America and in the Caribbean, and
their ability to cope with a changing climate
will present challenges for them and thus for
the U.S. Global dimate change can lead to
greater intensity of hurricanes as sea surface
temperatures rise, with enormous implications
for the southeastern U.S., Cenrral America, and
Caribbean nations. Loss of glaciers will strain
water supply in several areas, particularly Peru
and Venezuela. Rising sea levels will threaren all
coastal nations. Caribbean nations are especially
vulnerable in this regard, with the combination
of rising sea levels and increased hutricane
activity potentially devastating to some

island narions.

The primary securiry threats to the U.S. arise
from the potential demand for humanitarian aid
and a likely increase in immigration from
neighbor states. It is important to remember
that the U.S, will be dealing with its own

climate change issues at the same time.

INCREASING WATER SCARCITY
AND GLACIAL MELT

The melting of glaciers at an accelerated rate

in Venezuela and the Peruvian Andes is a
particular concern because of the direct reliance
on these glaciers for water supplies and hydro-
electric power. The Peruvian plains, northeast
Brazil, and Mexico, already subject to drought,
will find that droughts in the furure will lasc
longer. That would lead to further land degra-

dation and Joss of food production—a blow to

Latin America, which is particularly dependent
on food production for subsistence, and to Bra-
zil, whose economy is fueled by food exports.
Drought and decreased rainfall is projected
to also affect the central southern U.S. That
could have significant impact on food produc-
tion and sources of water for millions. The
High Plains (or "Ogallala”} aquifer underlies
much of the semi-arid west-central U.S, The
aquifer provides water for 27 percent of the
irrigated land in the country and supplies about
30 percent of the groundwater used for irriga-
tion. In fact, three of the top grain-producing
states-—Texas, Kansas, and Nebraska—each
get 70 to 90 percent of their irrigation water
from the Ogallala aquifer {27}, Fuman-induggd
stresses on this groundwater have resulted ins,
water-table declines greater than 100 feer in
some areas [28}. This already difficult sitna-
tion could be greatly exacerbated by a decrease
in rainfall predicted for the region. Similarly, a
recent study by the National Research Council
on the Colorado River basin (the river is the
main water source for tens of millions of people
in the Southwest) predicted substantial de-
creases in river flow, based on higher population

coupled with the climate change affects {29].

STORMS AND SEA LEVEL RISE

In looking at the relationship between warmer
temperatures and storm intensity, a panel con-
vened by the World Meteorological Organiza-
tion concluded: “Tt is likely that some increase

in tropical cyclone peak wind-speed and rainfall
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ADMIRAL DONALD L. “DON” PILLING, USN (Ret.)

Former Vice Chief of Naval Operations

ON OPERATIONAL CHALLENGES OF CLIMATE CHANGE

Retired Adm. Donaid L. Piling, former vice
chisf of naval operations, highlighted one of the
reasons government agencies have been siow to
respand to the issue of climate change.

“One of the problems in talking about this
issue is that no one can give you a date by which
many of the worst effects will be occurring,”
Adm, Pilling said. “If it's 2050, there isn't a guy in
uniform today who wil be wearing a uniform then.
The Pentagon talks about future year plans that
are six years down the road.”

Still, Adm. Pilfing was able to talk about the
issue and the planning chaltenges it might of-
fer. He enumerated a fist of operational impacts,
starting with the assumption that there would be
increased instances of {arga migrations—people
fleeing homelands that have felt the impacts of
climate changes.

“This is key because it's easy to see how our
4llies can be consumed by this,” Adm. Pilling
said. “They won't have time to participate in
exercises at sea because all of their assels will
be focused on protecting the border and beach-
es. Europe will be focused on its own borders.
There is potential for fracturing some very strong
alliances based on migrations and the fack of
control over borders.

“Open seas at the Arctic means you have
another side of this continent exposed,” he
said. “Between the Canadians and us, there are
a handful of ships oriented for the northernmost
{atitudes. But there is not much flexibility or
depth there.”

He said that an increase in the frequency or
intensity of hurricanes could have a destabilizing
effect on maintenance and the stability of ships
and fleets, “it may cause you to move ships north
to avoid hurricanes, f a ship’s captain thinks he's
in the middie of hurricane season, he’s going to go
out~-get away from port. It impacts maintenance

schedules and impacts operational structures. And
that doesn’t factor in the damage that hurricanes
can do to our ports and maintenance facilities.
We spent a faw billion fo restore Pascagoula after
Hurricane Katrina—and we’re not done yet. But at
least that's an impact you can see, People can get
their hands around that.”

“There is potential for fracturing some very
strong alliances based on migrations and
the lack of control over borders.”

Over time, some of the operationai issues
refated to climate change would be increasingly
difficult to resolve.

“At headquarters, they would nead fo be much
more thoughtful about investment decisions,” he
said. “Why invest significant resources in bases
that are in low-lying regions? Why invast in bases
that may continue to be flooded? Those are tough
questions to ask, but ¥'d ask them.”
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will occur if the climate continues to warm.
Model studies and theéry project a 3-5%
increase in wind-speed per degree Celsius
increase of tropical sea surface temperatures”
{30}. Warming seas and their link to storm
energy are especially worrisome for Central
American and small Caribbean island nations
that do not have the social infrastructure to
deal with natural disasters.

Flooding could increase with sea level
rises, especially in the low-lying areas of North
America—-inundation models from the Uni-
versity of Arizona project that a sea level rise
of three feet would cause much of Miami, Fort
Myers, a large portion of the Everglades, and all
of the Florida Keys to disappear {31].

In che past, U.S. militaty forces have

responded to natural disasters, and are likely to

continue doing so in the foreseeable furure {32].

‘The military was deployed to Centra] America
after Hurricane Mitch in 1998 and to Haiti
following the rains and mudslides of 2004. The

U.S. military was also heavily involved in the
response to Hurricane Katrina. Climate change
will likely increase calls for this type of missior

in the Americas in the future.

INCREASED MIGRATION/REFUGEE
FLOWS INTO THE U.S.

The greater problem for the U.S. may be an
increased flow of migrants northward into the
U.S. Already, a large volume of south to north
migration in the Americas is straining some
states and is the subject of national debate. The
migtation is now largely driven by economics
and political instability. The rate of immigration
from Mexico to the U.S. is likely to rise because
the water situation in Mexico is already
marginal and could worsen with less rainfall
and more droughts. Increases in weather
disasters, such as hurricanes elsewhere, will also

stimulate migrations to the U.S. {32},
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GENERAL PAUL J. KERN, USN (Ret.)
Former Commanding General, U.S. Army Materiel Command
ON WEATHER, LOGISTICS, AND THE CAUSES OF WAR

in 1989, Gen. Kern commanded a brigade based
at Fort Stewart, Georgia, and was preparing
to send men and materiel to Turkey in advance
of NATO training exercises. Those pfans were
interrupted by Hurricane Hugo, which appearad
headed to Savannah, the port of departure for the
mission.

“We were all ready to go, but the ships
involved in transport had to be sent to Nor-
folk,” Gen. Kern said. “So we broke down the
shipments that had already been assembied
for delivery. We then moved our aviation as-
sets out, and moved base families into shelters.
Ultimately, the humicane hit Charleston, and did
major damage fo the airbase there. That meant
one of my military battalions was deployed to
Charleston to help with the recovery there.”

“These immense  chaffenges
for us—they were things we could handle,”
Gen. Kern said. “But the planned training
‘exercises~-preparing us for our core military
mission—were not as good as they could have
been. It's a very subtle thing, but there you have
it in a nuisheil: Extreme weather can affect your
readiness.”

Looking ahead, Gen. Kern, now retired from
active duty, discussed wider gioba! frends that
the military must address to achieve an opti-

waren't

and referenced a passage from the book Trans-
boundary Rivers, Sovereignty and Development
{Anthony Turton, Peter Ashton, and Eugene
Cloete, eds.), which states that “there is a vast
and growing literature that cites water as a likely
cause of wars in the twenty-first century, and the
15 international basins in the Southern African
Deveiopment Community (SADC) are regularly
named as points of tension, sacond only to the
arid and hostile Midd!le East.”

He quoted from a letter written to him by
Anthony Turton, a soldier in the war over the
Okavong River basin, who wrote that “to serve
one’s country on the field of battle is truly
noble, but to serve as a peace-builder is truly
great.” Turton aiso wrote that in his new role
of restoring river basins, he has *“found
perscnai peace.”

Gen. Kern also cited the late Nobel Laureate,
Dr. Rick Smaliey, of Rice University, who often
tectured on the world's top 10 problems. Smatley
fisted energy, water, food, and the environment at
the top of his tist.

“While the military community has not
focused on these issues, we often find ourseives
responding 1o a crisis created by the loss of these
staples, or by a conflict over ciaims to one or more

“Military planning should view climate change
as a threat to the balance of energy access,
water supplies, and a healthy environment,
and it should require a response.”

mal stale of readiness. He bellaves “the criticat
factors for economic and security stability in the
twenty-first century are energy, water, and the
environment. These three factors need to be bal-
anced for people to achleve a reasonable guality

of life, When they are not in balance, people five in
poverty, suffer high death rates, or move toward
armed confiict.”

The need for water Hiustrates the conse-
quences of imbalance. “When water is scarce,
people move until they can find adeguate sup-
ply,” he said. “As climate change causes shifts in
accessibility to water, we observe large move-
ments of refugees and emigration.”

He said Africa offers prime examples of this,

of them,” Gen. Kern said. “In my view, therefore,
military planning shouid view climate change as
a threat to the balance of energy access, water
supplies, and a healthy environment, and it shoutd
require a response. Responding after the fact
with troops-—after a crisis occcurs—is one kind of
response. Working to delay these changes—to
accommodate a balance among these staples—
is, of course, another way.”
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DIRECT IMPACTS ON MILITARY SYSTEMS,
INFRASTRUCTURE, AND OPERATIONS

Climate change will stress the U.S. military by
affecting weapons systems and platforms, bases,
and military operations. It also presents oppor-

tunities for constructive engagement.

WEAPONS SYSTEMS AND
PLATFORMS

Operating equipment in extreme environmental
conditions increases maintenance require-
ments—at considerable cost—and dramatically
reduces the service life of the equipment. In
Iraq, for instance, sandstorms have delayed or
stopped operations and inflicted tremendous
damage to equipment. In the future, climate
change—whether hotter, drier, or wetter—will
add stress to our weapons systems.
A stormier northern Atlantic would have

implications for U.S. naval forces {34]. More
)torms and rougher seas increase transit times,
contribute to equipment fatigue and hamper
Hight operations. Each time a hurricane
approaches the U.S. East Coast, military
aircraft move inland and Navy ships leave port.
Warmer temperatures in the Middle East could
make operations there even more difficuit than
they are today. A Center for Naval Analyses
study showed that the rate at which U.S.
carriers could launch aircraft was limited by

the endurance of the flight deck crew during

extremely hot weather [34].

BASES THREATENED BY RISING
SEA LEVELS

During the Cold War, the U.S. established and
maintained a large number of bases throughout
the world, U.S, bases abroad are situated to

provide a worldwide presence and maximize

our ability to move aircraft and personnel.
Climate change could compromise some of
those bases. For example, the highest point of
Diego Garcia, an atoll in the southern Indian
Ocean that serves as a major logistics hub for
U.S. and British forces in the Middle East, is
only a few feet above sea level. As sea level rises,
facilities there will be lost or will have to relo-
cated. Although the consequences to military
readiness are not insurmountable, the loss of
some forward bases would require longer range
lift and strike capabilities and wonld increase
the milicary’s energy needs.

Closer to home, military bases on the eastern
coast of the United States are vulnerable to
hurricanes and other extreme weather events.

In 1992, Hurricane Andrew ravaged Homestead
Air Force Base in Florida so much that it never
reopened; in 2004 Hurricane Ivan knocked

Climate change—whether hotter,
drier, or wetter—will add stress to
our weapons systems.

out Naval Air Station Pensacola for almost a
year. Increased storm activity or sea level rise
caused by future climate change could threaten
or destroy essential base infrastructure. If key
military bases are degraded, so, too, may be the

readiness of our forces.

MILITARY OPERATIONS

Severe weather has a direct effect on military
readiness. Ships and aircraft operations are
made more difficalt; military personnel them-

selves must evacuate or seek shelter. As retired
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Army Gen. Paul Kern explained of his time
dealing with hurricanes in the U.S. Southern
Command: "A major weather event becomes a
distraction from your ability to focus on and
execute your military mission.”

In addition, U.S. forces may be required to be
more engaged in stability operations in the future
as climate change causes more frequent weather
disasters such as hurricanes, flash Hoods, and

extended droughts.

THE ARCTIC: A REGION OF PARTICULAR
CONCERN

A warming Arctic holds great implications for
military operations. The highest levels of plan-
etary warming observed to date have occurred
in the Arctic, and projections show the high
northern latitudes warming more than any other
part of the earth over the coming century. The
Arctic, often considered to be the proverbial
“canary” in the earth climate system, is showing
clear signs of stress {33].

The U.S. Navy is concerned about the retreat
and thinning of the ice canopy and its implica-
tions for naval operations. A 2001 Navy study
concluded that an ice-free Arcric will require an
"increased scope of naval operations” [35}. That

increased scope of operations will require the

As extreme weather events becomes
more common, so do the threats to
our national electricity supply.
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Navy to consider weapon system effectiveness
and various other facrors associated with operat-
ing in this environment. Additionally, an Arctic
with less sea ice could bring more competition
for resources, as well as more commercial and
military activity that could further threaten an

already fragile ecosystem.

DEPARTMENT OF DEFENSE ENERGY SUP-
PLIES ARE VULNERABLE TO EXTREME
WEATHER

The DoD is almost completely dependent on
electricity from the national grid to power critical
missions at fixed installations and on petroleum
to sustain combat training and operations. Both
sources of energy and their distribution systems
are susceptible to damage from extreme weather.

The national electric grid is fragile and can be
easily disrupted. Witness the Northeast Blackout
of 2003, which was caused by trees falling onto
power lines in Qhio. It affected 50 million people
in eight states and Canada, took days ro restore,
and caused a financial loss in the United Srates
estimated to be between $4 billion and $10
billion {36]. People lost water supplies,
transportation systems, and communications
systems (including Internet and cell phones),
Factories shut down, and looting occurred.

As extreme weather events becomes more
common, so do the threats to our narional
electricity supply.

One approach to securing power to DoD)
inseallations for critical missions involves a
combination of aggressively applying energy
efficiency technologies to reduce the critical
load {more mission, less energy); deploying
renewable energy sources; and "islanding” the
installation from the national grid. Islanding
allows power generated on the instalations to
How two ways-—onto the grid when there is
excess production and from the grid when the
load exceeds local generation. By pursuing these
actions ro improve resiliency of mission, DoD
waould become an early adopter of technologies
that would help transform the grid, reduce our
load, and expand the use of renewable energy.

For deployed systems, the DoD) pays a high
price for high fuel demand. In Iraq, significant
combat forces are dedicated to moving fuel and
protecting fuel supply lines. The fue} delivery

situation on the ground in Iraq is so limited



that that the Army has established a“Power
Surety Task Force” to help commanders of
forward operating bases cut the number of fuel
convoys by using energy more efficiently. Maj.
Gen. Richard Zilmer, USMC, commander of
the multinational force in the Anbar province
of Iraq, asked for help in August 2006. His
request was for renewable energy systems.
According to Gen, Zilmer, “reducing the
military’s dependence on fuel for power genera-
tion could reduce the number of road-bound
convoys ... “‘Without this solution {renewable
energy systems], personnel loss rates are likely
to continue at their current rate. Continued
casualty accunulation exhibits potential to

Jjeopardize mission success....”” Along a similar
vein, Lt. Gen. James Mattis, while command-
ing general of the First Marine Division during
Operation Iraqi Freedom, urged: “Unleash us
from the tether of fuel”

Energy-efficiency technologies, energy
conservation practices and renewable energy
sources are the tools forward bases are using to

‘stem their fuel demand and reduce the "target
signature” of their fuel convoys.

Numerous DoDD studies dating from the
2001 Defense Science Board report "More
Capable Warfighting Through Reduced Fuel
Burden” have concluded thar high fuel demand
by combat forces detracts from our combat
capability, makes our forces more vulnerable,
diverts combat assets from offense to supply
line protection, and increases operating costs.
Nowhere are these problems more evident than
in Iraq, where every day 2.4 million galions of
fuel is moved through dangerous territory,
requiring protection by armored combat
vehicles and atrack helicopters {37].

DoD planners estimate that it costs $15to0
deliver one gallon of fuel from its commercial
supplier to the forward edge of the battlefield
and about $26 to deliver a gallon of fuel from

an airborne tanker, not counting the tanker
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aircraft cost. Furthermore, DoD’s procedures
for determining the types of systems it needs do
not take these fuel burden considerations into
account. DoD should require more efficient
combat systems and should include the actual
cost of delivering fuel when evaluating the

advantages of investments in efficiency [38, 39},

... reducing the military’s dependence on
fuel for power generation could reduce
the number of road-bound convoys ...

DoD should have an incentive to accurately
account for the cost of moving and protecting
fuel and to invest in technologies rhat will
provide combat power more efficiently.
Deploying technologies char make our forces
more efficient also reduces greenhouse gas
emissions. The resulting technologies would
make a significant contribution to the vision
President Bush expressed in his State of the
Union speech when he said, “America is on the
verge of technological breakthroughs that will
... help us to confront the serious challenge of
global climate change.”

Given the human and economic cost of
delivering fuel to combat forces and the almost
total dependence on the electric grid for critical
missions, DoD has strong operational economic
incentives to aggressively pursue energy efficiency
in its combat systems and its installations,

By investing at levels commensurate with its
interests, DoD would become an early adopter
of innovative technologies and could stimulace

others to follow.

ENGAGEMENT OPPORTUNITIES

Climate change threats also create opportunities
for constructive engagement such as stability
operations and capacity building, The U.S.

military helped deliver relief to the victims of
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the 2005 Indian Ocean tsunami because it is
the only institution capable of rapidly delivering
personnel and materiel anywhere in the world
on relatively short notice. DoD Directive
3000.05, issued in 2006, provides the mandate
to conduct military and civilian seability
operations in peacetime as well as conflict to
maintain order in states and regions. The
Combatant Command’s Theater Security
Cooperation Program, which seeks to engage
regional states, could be easily focused on
climate change mitigation and execurted in
concert with other U.S. agencies through U.S,
embassy country teams. The objective would be
to build the host nation military’s capabilities
and capacity to support civilian government
agencies. It also enhances good governance and
promotes stability, making failed stares and

terrorist incursion less likely. Because many

climate change problems cross borders, it
could also promote regional communication
and cooperation.

If the frequency of natural disasters increases
with climate change, future military and politi-
cal leaders may face hard choices abour where
and when to engage. Deploying troops affects
readiness elsewhere; choosing nor to may affect
alliances. And providing aid in the aftermath of
a catastrophic event or natural disaster can help
recain stability in a nation or region, which in
turn could head off U.S. military engagement in

that region at a later date.
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VOICES OF EXPER

ADMIRAL FRANK “SKiP” BOWMAN, USN (Ret.)

Former Director, Naval Nuclear Propulsion Program; Former Deputy Administrator-Naval Reactors,

National Nuclear Security Administration

ON CLIMATE CHANGE, ENERGY, AND NATIONAL SECURITY

Adm. Bowman’s more than thirty-eight years
of naval service in the nuclear submarine com-
murity fead him to these thoughts: "Our
nuclear submarines operate in an unforgiv-
ing environment. Our Navy has recognized
this environment and has mitigated the risk
of reactor and undersea operations through
a combination of: a} careful selection of
mativated, inteffigent people whom we train
and qualify to the highest standards; b}
rigorous quality assurance of component
design and manufacturing; c) verbatim com-
pliance with strict rules of operation; d}
routine examination of afl aspects of reactor
and submarine operations; and, e} a constant
sharing of the lessons we learn through these
processes. These components fead 10 a de-
fense in depth against a very iow probability,
but high consequence event, We should be-
gin pianning for a similar approach in dealing
with potential climate change effects on our
national security.”

Adm. Bowman notes that today, a raging
debate is underway over a potential set of
climate-induced giobal changes that couid
have a profound impact on America’s national
security interests, Our Military Advisory Board
has heard the arguments, some depicting near-
doomsday scenarios of severe weather and
oceanic changes exacerbated by man-made
emissions of greenhouse gases {0 our envi-
ronment, others depicting a much less severe
outcome as merely one in many observed
cyclic weather patterns over time, with
virtually no man-made component.

Adm, Bowman concludes that regardiess
of the probahility of the occurence, the projected
weather-driven giobal events could be dire
and could adversely affect our nationat security
and mifitary options significantly. He therefore
argues that the prudent course is to begin
planning, as we have in submarine opera-
tions, o develop a similar defense in depth

that would reduce national security risks even
if this is a low probability event, given the
potential magnitude of the consequences. He
feels that as the debate over cause, effect,
and magnitude continues, we in the mifitary

decisions made over the past decade to buiid
cheap gas generation placed an unsustain-
abte demand on natural gas and has resuited
in hundreds of thousands of U.S. jobs maving
offshore.”

“Our nuclear submarines operate in an unforgiving

environment. Our Navy has recognized this environment

and has mitigated the risk.

. We should begin planning

for a similar approach in dealing with potential climate

change effects on our national security.”

should begin now to take action to provide a
resifient defense against the effects of severe
climate change, not onty within our own bor-
ders, but also to provide resiliency to those
regions of unrest and stress that already are
threatening our nationat security today.

The admiral further believes that “our
national security is inextricably finked to our
country's energy security.” Thoughtful national
policy is required as we debate a correct
couwrse of future energy policy. international
participation is necessary for this global
issue, Adm, Bowman firmly believes that
“energy and economic security--key com-
ponents of our national security--must be
undergirded by aiternative forms of energy
available indigenously and from courtries
whose values are not at odds with our own.
As our economy and GDP have grown, so
have our energy needs. This demand for energy
strains available supplies: energy sources used
for one purpose, such as electricity genera-
tion, are not avaitable for other needs. Natu-
ral gas used for electricity is not availabie as
feedstock for many industries that depand
on it, fike the chemical industry, the fertilizer
industry, and the plastics industry. Short-term

Adm. Bowman warns that this interde-
pendence between energy policy and national
security must be viewed over the long hauf as
the country addresses globat climate change.
“Coal and nuclear electricity generation
remain the obvious choices for new U.S.
genevation, However, to mest the concerns
over and i in
CO, concentrations in our atmosphere and
their potential effect on climate, the country,
as a matter of national urgency, must develop
the technologies fo capture and sequester
CO, from coal generation. This technology
is not available today on & commercial scale,
and the tead time for its development is mea-
sured in tens of years, not months.

Therefore, Adm. Bowman argues, we
should begin developing plans to shore
up our own defenses against the potentially
serious effects of climate, regardless of the
probability of that occurrence, while making

maore resifient those countries ifi-prepared to-
day to deat with that potential due to disease,
poor sanitation, lack of clean water, insuffi-
cient efectricity, and large coastal poputiations.
in doing so, these plans must recognize the
interdependency of energy and security.
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WEATHER AND WARFARE

An increase in

An increase in extreme weather can make the
most demanding of tasks even more challenging,

Increases in global temperarures will increase
the likelihood of extreme weather events,
including remperature extremes, precipitation
evenrs, and intense tropical cyclone activity [7].

‘With this in mind, we ask the obvious:
How does extreme weather affect warfare?

The impacts are signiﬁcant. There are
countless historical examples of how weather
events have affected the ourcome of a conflict.

- Typhoons (Divine Wind) twice saved
Japan from invasion by Kublai Khan and his
Mongol horde,

- North Sea gales badly bartered the Spanish
Armada in 1588 when Sir Francis Drake

defeated it, saving England from invasion.

extreme weather can

make the most demanding of tasks even
more challenging.
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+ The severe and unpredictable Russian
winter has defeared three invading armies:
Charles XII of Sweden in 1708,

Napoleon in 1812 and Hitler in 1941.

+ During the American Revolution, George
‘Washington would have been surrounded at
the Battle of Long Island had adverse winds not
prevented the British from landing and cutting
him off.

» Hardships from a severe drought in 1788
are thought to be the spark that caused the
French Revolution.

+ Napoleon was defeared at the Battle of
Waterloo in large part because a torrential
downpour obscured visibility and delayed the

French attack.

Though technology allows us to overcome many
Obstacles, weather Smu PDSES gfeat threats to
successful military operations on the land, sea,
or in the air.

+ During World War II, Typhoon Cobra
capsized three destroyers, a dozen more ships
were seriously damaged and 793 men died. This
natural disaster, called the Navy's worst defeat in
open seas in World War II, killed nearly a third
as many as in the artack on Pearl Harbor,

- Many know that D-Day awaited the right
weather before it began. Many don't know that
a freak storm destroyed floating docks shortly
beforehand, almost canceling the invasion.

+ During the 1991 Persian Gulf War, heavy
winds prevented Saddam Hussein from launch-
ing Scud missiles ac Israel and coalition forces.

« During the Persian Guif War and the Iraq
war, sandstorms delayed or stopped operarions
and did tremendous damage to equipment.

In March 2003, the entire invasion of Iraq
was stalled for three days because of a massive
sandstorm.

These examples are not meant to suggest
that weather changes will put the American
military at a disadvantage. They do, however,
help illustrate ways in which climate change can
add new layers of complexity to military
operations. An increase in extreme weather
can make the most demanding of rasks even

more challenging.
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FINDINGS AND RECOMMENDATIONS
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This report is intended to advanice a mare rigorous
national and international dialogue on the
impacts of climate change on national security.
‘We undertock this analysis for the primary
purpose of presenting the problem and identifying
first-order solutions. We therefore keep this list
of findings and recommendations intentionally
brief. We hope it will stimulate furcher discus-
sion by the public and a more in-depth analysis
by those whose job it is to plan for our

natjonal security.

FINDINGS

Finding 1:
Projected climate change poses a serious
threat to America’s national security.
Potential threats to the nation's security
require carefu] study and prudent planning—
to counter and mitigate potential detrimental
outcomes. Based on the evidence presented, the
Milicary Advisory Board concluded that it is
appropriate to focus on the serious consequences
to our national security that are likely from
unmitigated climare change. In already-weakened
states, extreme weather events, drought, Alooding,
sea level rise, retreating glaciers, and the rapid
spread of life-threatening diseases will them-
selves have likely effects: increased migrations,
further weakened and failed states, expanded
ungoverned spaces, exacerbated underlying
conditions that terrorist groups seek to exploit,
and increased internal conflicts. In developed
countries, these conditions threaten to disrupt
economic trade and introduce new security
challenges, such as increased spread of infec-

tious disease and increased immigracion.

Overall, climate change has the porential to
disrupt our way of life and force changes in how
we keep ourselves safe and secure by adding a
new hostile and stressing factor into the national

and international security environment.

Finding 2:

Climate change acts as a threat multiplier
for inseability in some of the most volatile
regions of the world.

Many governments in Asia, Africa, and the
Middle East are already on edge in terms of
their ability to provide basic needs: food, water,
shelter and stability. Projected climate change
will exacerbate the problems in these regions
and add to the problems of effective governance.
Unlike most conventional security threats that
involve a single entity acting in specific ways at
different points in time, climarte change has tha
potential to result in multiple chronic condi-
tions, occurring globally within the same time
frame. Economic and environmental conditions
in these already fragile areas will further erode
as food production declines, diseases increase,
clean water becomes increasingly scarce, and
popularions migrate in search of resources.
Weakened and failing governments, with an
already thin margin for survival, foster the
conditions for internal conflict, extremism, and
movement toward increased authoritarianism
and radical ideologies. The U.S. may be drawn
more frequently into these situations to help to
provide relief, rescue, and logistics, or to stabilize
conditions before conflices arise.

Because climate change also has the potential
to create natural and humanitarian disasters on
a scale far beyond those we see today, its con-

sequences will likely foster political instability



where societal demands exceed the capacity of
governments to cope. As a result, the U.5. may
also be called upon to undertake stability and

reconstruction efforts once a conflict has begun.

Finding 3:
Projected climate change will add to tensions
even in stable regions of the world.

Developed nations, including the U.S. and
Europe, may experience increases in immigrants
aﬂd reﬁ]gees as drollgh[ inCrEaS es aﬂd fOOd
production declines in Africa and Latin America,
Pandemic disease caused by the spread of
infectious diseases and extreme weather events
and natural disasters, as the U.S. experienced
with Hurricane Katrina, may lead to increased
domestic missions for U.S. military personnel—
lowering troop availability for other missions
and putting further stress on our already
stretched military, including our Guard and
Reserve forces.

Our current National Security Strategy,
"eleased in 2002 and updated in 2006, refers
to globalization and other factors that bave
changed the security Jandscape. It cites, among
other factors, “environmental destruction,
whether caused by human behavior or caraclys-
mic mega-disasters such as floods, hurricanes,
earthquakes or tsunamis. Problems of this
SCOPC may OVerWhelm the CaPaCity Orocal
authorities to respond, and may even overtax
national militaries, requiring a larger interna-
tional response. These challenges are not
traditional national security concerns, such as
the conflict of arms or ideologies. But if lefr
unaddressed they can threaten narional security”

In addition to acknowledging the national
securiry implications of extreme weather and
other environmental factors, the National
Security Strategy indicates that the U.S. may

have ro intervene militarily, though it clearly
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states that dealing with the effects of these
evenrs should not be the role of the U.S.
military alone.

Despite the language in our current
National Security Strategy, there is insufficient
planning and preparation on the operational
level for future environmental impacts.
However, such planning can readily be undertaken
by the U.S, military in cooperation with the
appropriate civilian agencies, including the Stare
Department, the United States Agency for
International Development, and the

intelligence community.

Finding 4:

Climate change, national security, and
energy dependence are a related set of
global chailenges.

As President Bush noted in his 2007 State
of the Union speech, dependence on foreign oil
leaves us more vulnerable to hostile regimes and
terrorists, and clean domestic energy alternatives
help us confront the serious challenge of global
climate change. Because the issues are linked,
solutions to one affect the others. Technologies
that improve energy efficiency also reduce

carbon intensity and carbon emissions.
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RECOMMENDATIONS
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Recommendation 1:

The national security consequences of climate
change should be fully integrated into national
security and national defense strategies.

As military leaders, we know we cannot wait for
certainty. Failing to act because a warning isn't
precise is unacceptable. Numerous parts of the
U.S. government conduct analyses of various
aspects of our national secutity situation covering
different time frames and at varying levels of
detail. These analyses should consider the
consequences of climate change.

The inelligence community should incor-
porate climate consequences into its National
Intelligence Estimate. The National Security
Strategy should directly address the threat of
climate change to our national security inter-
ests. It also should include an assessment of the
national security risks of climate change and
direct the U.S. government to take appropriate
preventive efforts now.

The National Security Strategy and the
National Defense Strategy should include
appropriate guidance to military planners to
assess risks to current and future missions of
projected climate change, guidance for updating
defense plans based on these assessments, and
the capabilities needed to reduce future impacts.
This guidance should include appropriate revi-
sions to defense plans, including working with
allies and partners, to incorporare climate miti-
gation strategies, capacity building, and relevant
research and development.

The next Quadrennial Defense Review
should examine the capabilities of the U.S. mili-
tary to respond to the consequences of climate
change, in particular, preparedness for natural
disasters from extreme weather events, pan-

demic disease events, and other missions the

U.S. military may be asked to support both
at home and abroad. The capability of the
National Guard and Resetve to support these
missions in the ULS, deserve special artention,
as they are already stretched by current
military operations.

The U.S. should evaluate the capacity of the
military and other institutions to respond to
the consequences of climate change. All levels
of government-federal, state, and local—will
need to be involved in these efforts to provide
capacity and resiliency to tespond and adapt.

Scientific agencies such as the National
Qceanic and Atmospheric Administration
(NOAA), the National Aeronautics and Space
Administration (NASA) and the United
States Geologic Survey (USGS) should also
be brought into the planning processes.

The defense and intelligence communities _
should conduct research on global climate and
monitor global climate signals to understand
their national security implications. Critical
security-relevant knowledge about climate
change has come from the partnership between
environmental scientists and the defense and
intelligence communities. That partnership,
vibrant in the 1990s, should be revived.

Recommendation 2:

The U.S. should commit to a stronger
national and intetnational role to help
stabilize climate changes at levels that

will avoid significant disruption to global
security and stabiliry.

All agencies involved with climate science,
treaty negotiations, energy research, economic
policy, and national security should participate
in an interagency process to develop a deliberate

policy to reduce future risk to national security



from climate change. Actions fall into two main
categories: mitigating climate change to the
extent possible by setting targets for long-term
reductions in greenhouse gas emissions and
adapting to those effects that cannot be mitigated.
Since thisisa global problem, it requires a global
solution with multiple relevant instraments of
government contributing,

‘While it is beyond the scope of this study
to recommend specific solutions, the path to
mitigating the worst security consequences of
climate change involves reducing global green-
house gas emissions. Achieving this outcome
will also requite cooperation and action by

many agencies of government.

Recommendation 3:
The U.S. should commit to global parter-
ships that help less developed nations build
the capacity and resiliency to better manage
climate impacts.
Some of the nations predicted to be most affected
sy climate change are those with the least capacity
to adapt or cope. This is especially true in Africa,
which is becoming an increasingly important
source of U.S, oil and gas imports. Already
suffering tension and stress resulting from weak
governance and thin margins of survival due
to food and water shortages, Africa would be
yet further challenged by climate change. The
proposal by DoD to establish a new Africa
Command reflects Africa’s emerging strategic
importance to the U.S., and with humanitarian
catastrophes already occurring, a worsening of
conditions could prompt further U.S. military
engagement. As a result, the U.S. should focus on
enhancing the capacity of weak African govern-
ments to better cope with societal needs and to
resist the overtures of well-funded extremists to
provide schools, hospitals, health care, and food.
The U.S. should targer its engagement

efforts, through regional military commanders
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and other U.S, officials, toward building capacity
to mitigate destabilizing climate impacts. For ex-
ample, regional commanders have routinely used
such engagement tools as cooperation on disaster
preparedness to help other nations develop their
own ability to conduct these efforts.
Cooperative engagement has the potential
to reduce the likelihood of war fighting. As
Gen. Anthony C. (Tony) Zinni (Ret.) has said:
“When I was commander of CENTCOM, I
had two missions: engagement and war fighting:
If I do engagement well, I won't have to do
war fighting” The U.S. cannot do this alone;
nor should the military be the sole provider of
such cooperative efforts, But the U.S. can lead
by working in cooperation with other nations.
Such efforts promote greater regional coopera-
tion, confidence building and the capacity of
all elements of national influence to conrribute
to making nations resilient to the impacts of

climate change.

Recommendation 4:

The Department of Defense should enhance
its operational capability by accelerating

the adoption of improved business processes
and innovative technologies that result

in improved U.S. combat power through
energy efficiency.

DoD should require more efficient combar
systems and should include the actual cost of
delivering fuel when evaluating the advantages
of investments in efficiency. Numerous DoD
studies dating from the 2001 Defense

Science Board report “More Capable
‘Warfighting Through Reduced Fuel Burden”
have concluded rhat high fuel demand by
combat forces detracts from our combat
capability, makes our forces more vulnerable,
diverts combat assets from offense to supply
line prorection, and increases operating costs.

Nowhere are these problems more evident than
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in Iraq, where every day 2.4 million gallons
of fuel is moved through dangerous territory,
requiring protection by armored combat
vehicles and attack helicopters.

Deploying technologies that make our forces
more efficient also reduces greenhouse gas
emissions, DoD should invest in technologies
that will provide combat power more efficiently.
The resulting technologies would make a signif-
icant contribution ro the vision President Bush
expressed in his State of the Union when he
said, “America is on the verge of technolcgical
breakthroughs that ... will help us to confront
the serious challenge of global climate change.”

Recommendation 5:

DoD should conduct an assessment of the
impact on U.S. military installations world-
wide of rising sea levels, extreme weather
events, and other possible cdlimate change
impacts over the next 30 to 40 years.

As part of prudent planning, DoD should
assess the impact of rising sea levels, extreme
weather events, drought, and other climate
impacts on its infrastructure so its installations
and facilities can be made more resilient.

Numerous military bases, both in the U.5.
and overseas, will be affected by rising sea levels
and increased storm intensity. Since World
War II, the number of overseas bases has di-
minished, and since the Base Realignment and
Closure process began the number of stateside
bases has also declined. This makes thase that
rernain more critical for rraining and readiness,
and many of them are susceptible to the effects
of climate change. For example, the British
Indian Ocean Territory island of Diego Garcia,
an atoll in the southern Indian Ocean, is a major
logistics hub for U.S. and British forces in the

Middle East. It is also only a few feet above sea
level at its highest point. The consequences
of the losing places like Diego Garcia are not
insurmountable, but are significant and wouid
require advance military planning, The Kwa-
jalein is a Jow-lying atoll, critical for space
operations and missile tests. Guam is the U.S.
gateway to Asia and conld be moderately or
severely affected by rising sea Jevels. Loss of
some forward bases would require us to have
longer range lift and strike capabilities and
possibly increase our military’s energy needs.
Military bases on the eastern coast of the
U.S. are vulnerable to hurricanes and other
extreme weather events. In 1992, Hurricane
Andrew virtually destroyed Homestead Air
Force Base in Florida. In 2004 Hurricane Ivan
knocked out Naval Air Station Pensacola for
almost a year. Most U.S, Navy and Coast Guard
bases are located on the coast, as are most U.S.
Marine Corps locations. The Army and Air
Force also operate bases in low-lying or coastal
areas. One meter of sea level rise would inum(
much of Norfolk, Virginia, the major East Coast
hub for the U.S. Navy. As key installations are
degraded, so is the readiness of our forces.
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APPENDIX 1:
BIOGRAPHIES, MILITARY ADVISORY BOARD MEMBERS

ADMIRAL FRANK “SKIP” BOWMAN, USN {Ret}
Former Director, Naval Nuclear Propulsion Program:
Former Deputy Administrator-Naval Reactors, National Nulear Security Administration

Admiral Skip Bowman was director, Naval Nuclear Propuision, Naval Sea Systerns Command. Prior assignments include deputy
administrator for naval reactors in the Naval Nuclear Security Administration, Department of Energy; chief of naval personnel; and director
for Political-Mititary Affairs and deputy director of naval operations on the Joint Staff.

He was commissioned foliowing graduation in 1966 from Duke University, in 1973, he completed a dual master's program in nuclear
engineering and naval architecture/marine engineering at the Massachusetts institute of Technology and was elected to the Society of
Sigma Xi. Admiral Bowman has been awarded the honorary degree of Doctor of Humane Letters from Duke University,

in 2005, Admirai Bowman was named president and CEO of the Nuclear Energy institute. NE! is the policy organization for the
commercial nuclear power industry. In 2006, Admiral Bowman was made an Honorary Knight Commander of the Most Excelient Order
of the British Empire in recagnition of his commitment in support of the Rayal Navy submarines program.

LIEUTENANT GENERAL LAWRENCE P. FARRELL JR., USAF (Ret.}
Former Deputy Chicf of Staff for Plans and Programs, Headgquarters ULS. Air Force

Prior to his retirement from the Air Force in 1898, General Farrell served as the deputy chief of staff for plans and programs, Headguarter
U.S. Air Force, Washington, D.C. He was responsible for planning, programming and manpower activities within the corporate Air Force
and for integrating the Air Force’s future plans and requirements to suppont national security objectives and miltary strategy.

Previous positions include vice commander, Air Force Materiel Command, Wright-Patterson Air Force Bass, Chio, and deputy director,
Defense Logistics Agency, Arfington, Virginia. He also served as deputy chief of staff for plans and programs at Headguarters U.S. Air Force
in Ewrope. A command pilot with more than 3,000 fiying hours, he flew 186 missions in Southeast Asia and commanded the 401st Tactical
Fighter Wing, Torrejon Air Base, Spain. He was also the systern program manager for the F-4 and F-16 weapons systems with the Air
Force Logistics Command, Hilt Air Force Base, Utah.

General Farrelt is a graduate of the Air Force Academy with a bachelor's degree in engineering and an MBA from Auburn University.
Qther education inciudes the National War College and the Harvard Program for Executives in National Security.

General Farref becarme the president and CEO of the National Defense industrial Association in September 2001,

50 securityAndCiimate ona.org



187

VICE ADMIRAL PAUL G. GAFFNEY il, USN {Ret}
Former President, National Defense University; Former Chief of Naval Research and Commander,

Navy Meteorology and Oceancgraphy C 4

Admiral Gaffney has been the Naval Research Laboratory commander and worked in a number of other science and oceanography
administration assignments. He served as the 10th president of the National Defense University, and before that as chief of naval research.
He also was the senior uniformed oceanagrapfty specialist in the Navy, having served as commander of the Navy Meteorology and Ocean-
ography Cormnmand from 1994 to 1997. He was appointed by President George W. Bush to the Ocean Paiicy Cormmission and served
during its full tenure from 2001 to 2004. He served in Japan, Vietnam, Spain, and indonesia, and traveled extensively in official capacities.

He has been recognized with a number of military decorations; the Naval War College’s J. Wiliam Middendorf Prize for Strategic
Research, the Outstanding Public Service Award from the Virginia Research and Technology Consortium, and the Potomac Institute’s
Navigator Award. He has served on severa boards of higher education and was a member of the Ocean Studies Board of the Nationat
Re-search Council from 2003 to 2005. He has been selected to be a public trustee for the New Jersey Consortium and chaired the
Governor's Commission 1o Protect and Enhance New Jersey's Military Bases.

He graduated from the U.S. Naval Academy in 1968 and has a master's degree in mechanical engineering {ocean) from Catholic
University and a master’s of business administration from Jacksonville University.

Admirat Gaffrey is currently the president of Monmouth University in West Long Branch, New Jersey.

GENERAL PAUL J, KERN, USA {Ret)
Former Commanding General, U.S. Army Materiel Command

Seneral Kern was commanding general, Army Materie! Command from 2001 to 2004, and senior adviser for Army Research, Development,
and Acquisition from 1897 to 2001.

General Kern had three combat tours. Two were in Vietnam as a platoon feader and troop commander. His third was as commander
of the Second Brigade of the 24th infantry in Desert Shield/Desert Storm. The Second Brigade played a pivotal role in the historic attack
on the Jalibah Airfield, which aliowed the Twenty-Fourth infantry Division to secure key objectives deep inside of iraq. He also served as the
assistant division commander of the division after its redeployment to Fort Stewart, Georgia.

General Kern’s assignments included senior mifitary assistant to Secretary of Defense William Perry. During that period, he accom-
panied Secretary Perry to more than 70 countries, meeting numeyous heads of state, foreign ministers, and intemationa! defense leaders.
He participated in U.S. operations in Haiti, Rwanda, Zaire, and the Balkans, and helped promote military retations in Centrat and Eastern
Europe, South America, China, and the Middie East.

General Kern received the Defense and Army Distinguished Service Medals, Siiver Star, Defense Superiar Service Medal, Legion of
Merit, two Bronze Star Medais for valor, three Bronze Star Medals for service in combat, and three Purple Hearts, He has been awarded
the Society of Automotive Engineers Teeter Award, the Alumni Society Medal from the University of Michigan, and the German Cross of
Honor of the Federal Armed Forces (Gold).

A native of West Orange, New Jersey, General Kern was commissioned as an armor lieutenant following graduation from West Paint
in 1967. He holds master’s degrees in both civit and mechanical engineering from the University of Michigan, and he was a Senior Security
Fellow at the John F. Kennedy School of Government at Harvard University.

He is an adviser to Battella Memnoriat Instituts and holds the Chair of the Class of 1950 for Advanced Technology at the United States
Military Academy.

General Kern is a member of the Cohen Group, which provides strategic advice and guidance to corporate clierts,
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ADMIRAL T. JOSEPH LOPEZ, USN {(Ret}
Former Commander-in-Chief, U.S. Naval Farces Europe and of Allied Forces, Southern Europe

Admiral Lopez's naval career included tours as commander-in-chief of U.S. Navai Forces Europe and commander-in-chief, Alied Forces,
Southern Europe from 1996 to 1998. He commanded alf U.S. and Alfied Bosnia Peace Keeping Forces in 1996; he served as deputy chief
of naval operations for resources, warfare requirements and assessments in 1994 to 1996,; commander of the .S, Sixth Fleet in 1992 1o
1993; and senior military assistant to the secretary of defense in 1990 to 1892.

Admiral Lopez was awarded numerous medais and honors, including two Defense Distinguished Service Medals, two Navy Distin-
guished Service Medals, three Legion of Merits, the Bronze Star {Combat V), three Navy Commendation Medals {Combat V) and the
Combat Action Ribbon. He is one of just two flag officers in the history of the U.S. Navy to achieve four-star rank after direct commission
from enlisted service.

He holds a bachelor's degree {cum laude) in internationat relations and a master’s degree in management. He has been awarded an
honorary doctorate degree in humanities from West Virginia institute of Technology and an honorary degree in information technology from
Potomac State Colflege of West Virginia University.

Admiral Lopez is president of information Manufacturing Corporation {IMC}, an information technotogy senvice integrator with major

offices in Manassas, Virginia, and Rocket Center, West Virginia.

ADMIRAL DONALD L. *"DON™ PILLING, USN (Ret)
Fermer Vice Chief of Naval Operations

Admiral Pilling assumed duties as the 30th vice chief of naval operations, the Nawy’s chief operating officer and second-ranking officer, from
November 1997 unti! his retirement from active service in October 2000,

Ashore, he was assigned to a variety of defense resources and planning bifiets. In his earfier career, he served four years in program
analysis and evaluation in the Office of the Secretary of Defense. As a more senior officer, he served as a Federal Executive Feliow at the
Brookings Institution in 1985-86. A member of the National Security Council staff from 1989 until 1992, Admiral Piling was selected to flag
rank in 1989 while serving there. From 1993 to 1995, he was the director for programming on the staff of the Chief of Naval Operaticns,
and later servad as the Navy's chief financiat officer from 1996 to 1997,

Admiral Piling also comrmeanded a warship; a destroyer squadron; a cruiser destroyer group; a carrier battle group; the U.S. Sixth
Fleet; and NATO's Naval Striking and Support Forces Southern Europe.

Admiral Piling has a bachelor's degree in engineering from the U.S. Naval Acadermny and a doctorate in mathematics from the University
of Cambridge.

He served as vice president for strategic planning at Battelie Memorial Institute and became president and CEQ of LM}, a nonprofit re-

search organization, in 2002,
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ADMIRAL JOSEFPH W. PRUEHER, USN (Ret}
Former Commander-in-Chicf of the U.S. Pacific Command (PACOM) and Former U.S. Ambassador to China

Admiral Prueher cornpleted thirty-five years in the United States Navy in 1999. His fast command was commander-in-chief of the U.S.
Pacific Command {CINCPACY); the largest military command in the world, spanning over half the earth's surface and including more than
300,000 people. Admiral Prueher also served as ambassador to China from 1999 to 2001. He served two presidents and was responsible
for directing, coordinating, and managing the activities of ai United States executive branch activities in China.

From 1989 through 1995, Admiral Prueher served as commandant at the U.S. Naval Academy at Annapolis; commander of Carner
Battle Group ONE based in San Dlego; commander of the U.S. Mediterranean Sixth Flest and of NATO Striking Forces based in ftaly; and as
vice chief of naval operations in the Pentagon.

Admiral Prugher graduated frorn Montgomery Beif Academy in Nashville, Tennesses, and then graduated with distinction in 1964
from the U.S. Naval Academy, later receiving a master’s degree in international relations from George Washington University. He s also a
graduate of the Naval War College in Newport, Rhode Island. in addition to co-authoring the Performance Testing manual used by naval
test pilots for many years, he has published numerous articles on leadership, military readiness, and Pacific region security issues. Admiral
Prueher has received muitiple mifitary awards for combat fiying as well as naval and Joint Service. The governments of Singapore, Thafland,
Japan, Korea, the Philippines, indonesia, and Australia have decorated him.

Admiral Prueher is a consulting professor at Stanford University's institute of international Studies and senior adviser on the Preventive

Defense Project. He is on the board of trustees of the Nature Conservancy of Virginia.

GENERAL GORDON R. SULLIVAN, USA (Ret)}
Chairman, Military Advisory Board
“ormer Chief of Staff, U.S. Army

Generat Sullivan was the 32nd chief of staffthe senior general officer in the Army and a member of the Joint Chiefs of Staff. As the chief
of staff of the Army, he created the vision and led the team that heiped transition the Army from its Cold War posture.

His professional miitary education includes the U.S. Army Armar School Basic and Advanced Courses, the Command and General
Staff Coflege, and the Army War College. During his Army career, General Sullivan also served as vice chief of staff in 1990 to 1991, deputy
chief of staff for operations and plans in 1989 to 1990; commanding general, First Infantry Division {Mechanized), Fort Riley, Kansas, in
1988 to 1989; deputy commandant, U.S. Army Command and Generat Staff Callege, Fort Leavenworth, Kansas, in 1987 to 1988; ang
assistant commandant, U.S. Army Armor School, Fort Knox, Kentucky, from 1983 to 1985. His overseas assignments included four tours in
Eurcpe, two in Vietnam and one in Korea. Me served as chief of staff to Secretary of Defense Dick Cheney in the administration of President
George H.W. Bush,

General Sulfivan was commissioned a second lieutanant of ammor and awarded a bachelor of arts degree in history from Norwich
University in 1959. He holds a master's degree in political science from the University of New Hampshire.

Genaral Sulfivan is the president and chief operating officer of the Association of the United States Army, headquartered in Arlington,

Virginia. He assumed his current position in 1998 after serving as president of Coleman Federal in Washington, D.C.
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VICE ADMIRAL RICHARD H. TRULY, USN (Ret}
Former NASA Administrator, Shuttle Astronaut and the first Communder of the Naval Space Command

Admiral Truly served as NASAS eighth administrator from 1989 to 1992, and his career in aviation and space programs of the U.S. Navy
and NASA spanned 35 years. He retired as a vice admiral after a Navy career of more than thirty years. As a naval aviator, test pitot and
astronaut, he logged over 7,500 hours ang made over 300 carier-arrested landings, day and night.

Admiral Truly was the first commander of Naval Space Command from 1983 to 1986 and became the first naval component
commander of U.S. Space Command upon its formation in 1984. While stilf on active duty following the Challenger accident, he was calied
back to NASA as associate administrator for space fight in 1986 and ied the accident investigation. He spearheaded the painstalidng
rebuilding of the space shuttle, including winning approvat of President Reagan and the Congress for building of Endeavor to replace the
tost Challenger. In 1989, President Reagan awarded him the Presidential Citizen's Medal.

Truly's astronaut career included work in the Air Force's Manned Qrbiting Laboratory program, and NASA's Apolio, Skylab, Apolio-
Soyuz and space shuttle programs. He piloted the 747/Enterprise approach and landing tests in 1977, and lifted off in November 1981
as pilot aboard Columbia, the first shuttle to be reflown into space, establishing a world circular orbit altitude record. He commanded
Challenger in August-September 1983, the first night launch/landing mission of the space shuttie program.

He served as vice president of the Georgia Institute of Technology and director of the Georgia Tech Research institute {GTRY) from
1992 to 1997. Admirat Truly retired in January 2005 as director of the Department of Energy’s National Renewable Energy Laboratary
(NREL}.

Truly is a member of the National Academy of Engineering. He has previously served on the board of visitors to the U.S. Naval
Academy, the Defense Policy Board, the Army Science Board, and the Naval Studies Board. He is a member of the National Research
Councit Space Studies Board, a trustee of Regis University and the University Corporation for Atmospheric Research, and a member of
the advisory committee to the Colorade School of Mines Board of Trustees.

GENERAL CHARLES F. “CHUCK"” WALD, USAF (Ret}
Former Deputy Commander, Headguarters US. European Command (USEUCOM)

From 2001 to 2002 General Wald was deputy chief of staff for air and space operations at the Pentagon, and from December 2002 untit
his retirement in 2006 General Wald was deputy commander, Headquarters U.S, European Command, Stuttgart, Germany, USEUCOM is
responsible for afl U.S. forces operating across 91 countries in Europe, Africa, Russia, parts of Asia and the Middie East, and most of the
Atlantic Ocean.

General Wald commanded the 31st Fighter Wing at Aviano Air Base, ltaly, where on Aug. 30, 1995, he led one of the wing's initial
strike packages against the ammunition depot at Pale, Bosnia-Herzegovina, in one of the first NATO combat operations. General Wald
commanded the Ninth Air Force and U.S. Central Command Air Forces, Shaw Alr Farce Base, South Carolina, where he led the devel-
opment of the Afghanistan air campaign for Operation Enduring Freedom, inciuding the idea of embedding tactical air controt parties in
ground special operations forces. He has combat time as an O-2A forward air controller in Vietnam and as an F-16 pilot fiying over Bosnia.
The general has served as a T-37 instructor pilot and F-15 flight commander. Other duties include chief of the U.S. Air Force Combat
Terrorism Center, support group commander, operations group commander, and special assistant to the chief of staff for National Defense
Review. He was also the director of strategic planning and policy at Headquarters U.S. Air Force, and served on the Joint Staff as the vice
director for strategic plans and policy,

General Wald is a command pilot with more than 3,600 fiying hours, including more than 430 combat hours aver Vietnam, Cambodia,
Laos, iraq, and Bosria. The general earned his commission through the Air Force ROTC program in 1971,

Currently, General Wald serves as president of Waid and Associates, an international management consulting and strategic planring
firm, and is an adjunct fecturer at the Atlantic Council. He is also a member of the Bipartisan Policy Center, National Commission on Energy-

Policy, and the Securing America’s Future Energy Cormmission.
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GENERAL ANTHONY C. “TONY” ZINNI, USMC (Ret.)
Former Commander-in-Chief of US. Central Command (CENTCOM)

General Zinni's joint assignments included command of U.S. Central Command (CENTCOM], which is responsible for U.S. military assets
and operations in the Middle East, Centrat Asia and East Africa.

Generaf Zinni's joint assignments also include command of a joint task force and he has also had several joint and combined staff
biflets at task force and unified command levels. He has made depioyments to the Mediterranean, the Caribbean, the Western Pacific,
Northern Europe, and Korea. He has held numerous command and staff assignments that include platoon, company, battalion, regimental,
Marine Expeditionary Unit, and Marine expeditionary force command, His staff assignments included service in operations, training, speciat
operations, counter-tarrarism and manpower billets. He has eiso been a tactics and operations instructor at several Marine Corps schools
and was selected as a fellow on the Chiaf of Naval Operations Strategic Studias Group.

General Zinni joined the Marine Corps in 1961 and was cormmissioned an infantry second lisutenant in 1965. General Zinni holds a
bachslor’s degree in economics from Viflanova University, a master's in international relations from Salvee Regina College, a master's in
management and supervision from Central Michigan University, and honorary doctorates from William and Mary Colfege and the Maine
Maritime Academy.

He has warked with the University of California’s Instituta on Global Conflict and Cooperation, the U.S. Institute of Peacs, and the
Henry Dunant Cenfre for Humanitarian Dialogue in Geneva. He is on the'International Councit at the Joan B. Kroc Institute for Peace and
Justice. He is also a Distinguished Advisor at the Center for Strategic and International Studies, a member of the Council on Foreign Relations,
Ho has also been appointed as a member of the Virginia Commission on Military Bases.

General Zinni has co-authored, with Tom Clancy, a New York Times bestseller on his career entitied Battle Ready. His book, The

Battle For Peace: A Frontline Vision.Of America’s Power And Purpose, was pubiished in 2006.
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APPENDIX 2:
CLIMATE CHANGE SCIENCE — A BRIEF OVERVIEW
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There is a vast amount of scientific fiterature on the
stibject of ciimate change, and a complete discus-
sion on the current state of the worid climate and

its deviation from climatological norms could fill
voiumes. in this appendix we discuss the consensus
of the sciance community on climate change, sffects
observed thus far, and projections about what may
happen in the future.

We have drawn information from the intergov-
ernmentai Panel on Climate Change {{PCC},
peer-reviewed scientific iiterature, and data, reports,
and briefings from various respected sources,
including the National Academy of Sciences,
National Oceanic and Atmaspheric Administration,
National Air and Space Administration, and the United
Kingdom'’s Hadiey Centre for Climate Change

CURRENT CONSENSUS

The IPCC's latest assessment report affimmed
the fallowing:

» While natural forces have influsnced the earth's
climate {and always wifl}, human-induced changes in
levels of atmospheric greenhouse gases are playing
an increasingly dominant role.

« After considering the influences of the known
causes of climate change—natural- end humen-in-
duced—the significant increase in the average giobal
temperatures over the last haif century can be
attributed to human activities with a certainty of
more than 90 percent [7].

» Those temperature increases have already
affected various natural systerns in rnany global
regions.

= Future changes to the climate are inevitable.

CHANGING GLOBAL
TEMPERATURES

INCREASED CARBON MEANS INCREASED
TEMPERATURES

Throughout its history, the earth has experienced
oscillations between warm and coof periods. These
shifts in climate have been attributed to a varjety of
factors, known as “climate forcings,” that include
orbital variations, solar fluctuations, landmass dis-
tribution, volcanic activity, and the atmosphere’s
concentration of greenhouse gases, such as carbon
dioxide, methane, and water vapar. The changes we
see today are occurring at a more rapid rate than is
expiainable by known natural cycles [15).

Throughout the earth’s past, temperature and
greenhouse gas concentration have been closely
finked through the planet’s natural greenhouse effect;
i.e. greenhouse gases trap heat in the atmosphere
and thereby warm the earth. Throughout Eartig
previous four glacial and warming cycles, atrm ric
CQ, concentration, and temperature show a high
degree of corralation. Other greenhouse gases,
such as methane, afso show a similar relationship
with temperature.

The recent and rapid rise in atmospheric CO,
levels is of concern to climate scientists and policy-
makers. CO, concentrations never exceedsd 300
parts per miffion by volume {(ppmy) during previaus
large swings in climate conditions, but the GO,
concentration now is about 380 ppmv {41}, repra-
senting a 35 percent increase since the onset of the
industrial revolution in the mid-eighteanth century,
CO, levels are likely at thair highest levels in the last
20 mifion years, and “the current rate of increase
is unprecedented during at least the fast 20,000
years” (41},



Thus, the current atmosphere is significantly
different from its preindustriet state in a way that is

compatible with increased heating.

AVERAGE GLOBAL TEMPERATURES HAVE
ALREADY BEGUN TO RISE

Average global surface temperature is the most
fundamental measure of climate change, and there
is no dispute that the earth's average temperature
has been increasing over the last century (albeit not
uniformiy}, with an acceleration in warming over the
last 50 years. Over the iast century, the average
surface temperature around the world has increased
by 1.3°F + 0.3°F [7]. Temperatures since the 1950s
were "fikely the highest [of any 50-year period} in at
least the past 1,300 years” [7]. Of the hottest twelve
years on record since temperatures began to be
measured in the 1850s, eleven have occurred in the
last twelve years {7].

The burning of fossi fuels {such as o, natural
gas, and coal) is the main source of the rise in atmo-
spheric GO, over the last two and a half centuries;
deforestation and other changes in land use are
respansible for a portion of the increase as well.

Human activities have also been responsible for
a portion of the fise in other heat-trapping green-
house gases, such as methane, which has risen
148 percent since preindustrial times, and nitrous
oxide, which has risen 18 percent during the same
period. Currently, half of the annual methane emit-
ted is from activities such as burning fossil fuel and
agricuftural processes; [41] humans are responsible
for about a third of nitrous oxide emissions, mainly
from agriculture.

There is no known natural forcing that can
account for the severity of the recent warming. For
example, while claims are made that variation in the
intensity of the sun is responsible, the variation in
solar radiation’s effect on the climate is estimated o
be less than 5 percent as strong as that of human-

induced greenhouse gases [7}.
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MORE THAN TEMPERATURE
RISE: OBSERVED IMPACTS ON
EARTH’S NATURAL SYSTEMS

A 1.3°F increase in average global surface tempera-
ture over the last century may seem fike an insignifi-
cant change, but in fact it has had a marked impact

on many of the earth's natural systems.

PRECIPITATION PATTERNS HAVE CHANGED
A change in the temperature of the atmosphere has
a great impact on pre-cipitation patterns. As an air
mass warms, it is able to hold more water vapor,
so & warmer atmosphere can absorb more surface
moisture and produce drier ground conditions. How-
ever, this increase in atmospheric content will also
lead to more severe heavy rain events, when this
higher water-content atmosphere drops its moisture.
Changes in precipitation amounts have been
detected aver large portions of the world. Annual
precipitation has increased 5 to 10 percent over the
past century across eastern North America, narthern
Europe, and northern and centrat Asia {7, 41}, The
Mediterranean region experienced drying {7]. The
tropics have witnessed a slightly lower increass,
of 2 to 3 percent, and most of sub-Saharan Africa
has shown a decrease in precipitation of 30 to
50 percent [42},
The Narthern Hemisphere subtropics experi-
enced a decrease in precipitation of approximately
2 percent {41]. Some of the most noticeable dry-
ing accurred in the Sahet and partions of southern
Asia [7]. No significant change was detected in
rainfafl patterns across wide areas in the Southern
Hemisphere: however, precipitation was noticeably
decreased in southern Africa [41].

EXTREME WEATHER EVENTS ARE

MORE FREQUENT

Since 1950, cold days and nights and frost days
have become less frequent, while hat days and nights
and heat waves have become more frequent {7).
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Globat patterns of both heavy precipitation
events and intense droughis have changed over
racent decades. The increase in heavy precipitation
events is consistent with the general increase in
temperatures and the cormmensurate increase in
atmospheric water vapor content, Droughts have
become more intense, particularly in the tropics and
subtropics, because of higher temperatures, more
frequent heat waves, and changes in precipitation
patterns {7}.

The combination of increasing atmospheric
temperatures and incraased sea surface tempera-
tures can increase the energy of tropical storms {43},
Preliminary observations since 1970 suggest that
this effect has been observed in the North Atlantic
and perhaps other regions as well [7}.

1CE AND SNOW COVER IS DISAPREARING
Glaciaf ice and snow cover are disappearing in many
regions around the world. The Arctic region, in
particular, is one of the areas being affected most by
rising temperatures. As a resutt of temperatures that
have increased at nearly twice the global average
rate, Arctic sea ice is thinning and shrinking in
extent, glaciers are melting throughout the region,
and the snow season has shortened. Alaskan gla-
ciers have retreated at a rapid pace; in fact, the
amount of glaciat mass iost in Alaska alone rep-
resents half of the estimated worldwide totaj {44).
There will be fittle to no sea ice In the Arctic’s
summers toward the end of this century [7)]. Glaciers
in other regions, such as high-aititude glaciers in
ropical areas, are also melting at an increasing rate [7].
Increased melting of the Greentand ice sheet
is one of the most worrisome Earth respanses ob-
served thus far. Data from NASA's Goddard Space
Flight Center show that the seasonal meit area over
Greentand has trended upward at 7 percent per year
aver the last twenty-five years, and the ice shelf
surrounding Greenland has thinned by 230 feet over
the fast five years [15]. Recent satefiite data analyzed
by NASA have shown that from 2003 through 2005,
Greenland annually lost three times more ice through
meiting than it gained through snowfall [45],
Antarctica’s ice cover has also responded to the

increasing temperature, but in different ways. West

Antarctica has lost ice mass, while the ice sheet in
East Antarctica has thickened. The thickening has
been explained as being due to increased snow fail
{Bs a result of warming temperatures that lead to
more water vapor in the atmosphere) [46] as well
as a slowing of glaciers for reasons unrelated to
climate {45].

The melting of ice cover is an important positive
feedback that reinforces heating, because of ice’s
contribLtion {o the reflsctivity of the earth, As ice
metlts, it exposes either land or water, depending on
its location. Becausa fand and water both reflect less
soler radiation than ice, they reinforce rising tem-
peratures, which in turn meits more ice. Once such
loops bagin, predicting their stopping point
is difficuit.

QCEANS ARE WARMING

The cceans have an enormous capacity to hoid
heat; because of their voiume and heat capacity
they require exiramely large inputs of heat to change
thelr temperatures. Nevertheless, the giobal mean
sea surface temperature increased 0.9°F globally in
the twentieth century [47), and the IPCC stated that
“global ocean heat content has increased signifi-+
cantly since the fate 1950s” [41].

SEA LEVELS ARE RiSING

Ocean temmperature is important to sea level rise
because as temperatures increase, water expands,
causing sea levels to rise. Because of the thermal
inertia of the oceans, once sea levef begins to fise
because of therrmal ex~pansion, it will continue to do
so for centuries regardless of any mitigative actions,

Sea levels are aiso raised by the melting of land-
based ice and snow because of the direct transfer
of water info the sea. Sea-based ice, however, does
not raise sea levels as it melts.

From 1961 through 2003, global mean sea level
has risen about three inches, with nearly half of that
increase occurring between 1993 and 2003 [7]. Over
the entiraty of the twentieth century, sea levels have
risen nearly seven inches. The IPCC concluded that
this rise was caused by thermal expansion of the
ocean as weli as melting of mountain glaciers and

snow cover {7].



OCEAN SALINITY HAS CHANGED
Oceanographers have observed dramatic changes
in salinity levels in the oceans. Oceans in the mid-
and high latitudes have shown evidence of frashening,
while those in tropical regions have increased in
salinity {7},

increases in ocean acidity have also been
observed since preindustrial times. Increased
atmospheric CO, is absorbed in the ocean where
it combines with water to form carbonic acid, a mild
acid. Most people are familiar with acid rain; this is
its ocean equivalent. Forecasts project the increase
in acidity over the coming century to be three fimes
as great as the increase over the last 250 years
{7}, Higher acidity could have a major impact on
ocean life by preventing the formation of shells and
skeletons of some very numerous and important zoo-
plankton {48]. Corat reefs are particularly vuinerable.

FUTURE SCENARIOS: A CHOICE
FOR HUMANS

To help iilustrate the changes in climate that may
occur, the IPCC developed a set of more than three
dozen scenarios that describe different paths aiong
which the world may evolve over the next century
[48). These paths are divided into six overarching
categories distinguished by the assumptions made
for factors such as economic growth, interactions
among nations, population growth, and technological
advances,

The scenarios were used as inputs to drive
various climate modeis. The IPCC’s 2007 report
documents a range of climate change cutcomes for
the next century for each of the six categeries used.
According to the {PCC report, when considering the
climate model results for each scenario, the average
temperature projected in years 2090 to 2099 is
expected o exceed the average temperature
observed from 1980 to 1999 by 2.0° to 11.5°F
Sea levels are projected to rise between seven
and twenty-three inches. This projection does not
include the effect of potential changes in ice flow
dynamics of large, land-based glaciers that may
further contribute to the rise in sea level. To put this

in perspective, recall that over the last century, the
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temperature increased about 1.3°F, and the sea level
increased seven inches.

Because most of the inter-model studies as-
sessed by the IPCC focus on three specific scenario
categories, the IPCC's 2007 report necessarily
focuses mostly on the same threa. The “low”
scenario {i.e., the one that results in the lowest
temperature increase) describes a future in which
popuiation levels come under control, the global
aconomy moves away from a manufacturing focus,
and nations work together on improvements in
environmental sustainability and developing clean
technologies. The *medium” scenario describes a
future where the assumptions regarding poputiation
and econornic growth are similar fo those made
in the low scenaric. Moreover, in the “medium”
scenario the IPCC assumes the development of
efficient technologies, and the production of energy
from a variety of sources other than fossi fuels. The
"high” scenaric is the same as the "middie” scenario
except energy production remains heavily focused
on fossi fuel sources.

Each of the IPCC scenarios fead to different
projections for temperature change; however, they
all project significant global warming, with the most
intense warming occurring in the Arctic and the high
northern latitudes,

Some of the areas hardest hit by temperature
increases will also very fikely experience significantly
tess rainfall by the end of the century. Domestically,
the southwestern portion of the United States will
very likely experience the worst combination of these
factors. Decreasing precipitation and markedly
increasing temperatures will also stress northern
and southern Africa and the Middle East.

While the earth’s natural systerns will continue
to experience greater stress due to future climate
changes, so will some key human systems [24]:

« Coastal populations: Increases in flooding
and inundation from rising seas and more intense
storms wil affect coastal populations across the
world, particularly those in Bangladesh and low-ying
island nations.

+ Agricuiture: Temperature increases of a few

degrees and increases in atmospheric CO, fevels
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may help agricuttural productivity in mid- and high
latitudes but will surely hurt agriculture in the tropics
and subtropics, where crops already exist at the
top of their temperature range; higher increases in
temperature, as well s heat waves, changes in pre-
cipitation, and increased pests, will hurt agricutturai
productivity across much of the giobe.

» Water resources: Five bilion people are
expected to five in water-stressed countries by 2025
even without factoring in climate change. Expected
changes in climate will exacerbate water-stress in
some areas {inciuding most of Asia, southern Africa,
and the Mediterranean), while afleviating # in others
{such as the United Kingdom)}. Areas that depend on
tropical mountain glaciers for water {such as Lima,
Peru}, wilt face a precarious situation as the glaciers
continue to melt and eventually disappear.
Developing nations with fittle capacity to manage
water will be among the hardest hit.

» Heaith: Rising temperatures and heat waves

will increase the number of heat-related desaths in
summer months. This increase wifl e partially offset
by decreases in cold-related winter deaths. The
reach of vector-borne diseases, such as malaria
and dengue fever, is expected to spread. Increasing
frequency of floods witl harm human health by its
direct impact on populations as well as by facilitating
the spread of disease {0 affected areas. Vital health
infrastructure can be damaged, making minor and
treatable injuries become iife-threatening,

A WILD CARD: ABRUPT

CLIMATE CHANGE

For many years it was believed that climate changes

have been gradual—that the sarth gradually cycles

between glaciat periods and warm interglacial peri-

ods. We now know this is not always the case [50},
Abrupt climate changes present the most wor-

risorne scenario for human societies because of the

inherent difficulties in adapting to sudden changes.

Abrupt sea tevel rise is particutarly worrisorme. The
great ice sheets along the edges of Greenland and
the West Antarctic are vulnerable to sudden breaku
as the edges of the sheet thaw and meltwater seepd
10 the ice~ground boundary, the meltwater will act as
a lubricant and facilitate a slippage into the sea. This
physical phenomenon is an example of a positive
feedback mechanism that, oncs started, is difficuit
to reverse [15]. Meiting of thase ice sheets would be
catastrophic. The Greentand lce Sheet could raise
sea levels by twenty-three feet over a milennium

{71; the West Antarctic ice Sheet wouid have a mare
immadiate impact, raising sea levels more than three
feet per century for five centuries {41]. The prob-
abifity of a collapse of the West Antarctic ice Sheet
before 2100 is estimated to be batween 5 and 10
percent [7}.

None of these abrupt climate changes are
projected by the climate modeis driven by the IPCC's
2007 future scenarios. However, if temperature
increases were at the high end of the ranges pro-
Jected by the models, abrupt climate changes such
as those discussed above are more fikely to oceur.
Such abrupt climate changes could make future
adaptation extremely difficuit, even for the most
developed countries,



197




198

REFERENCES

10.

11.

12.

13,

14,

15.

16.

17.

18,

19.

20.

21.

22.

23,
24,

Diamond, Jared. 2004, Collapse: How Societies Choose to Fail or Succeed. New York: Viking Adult.

Zinni, General Tony and Tony Koltz. 2006. The Battle for Peace: A Frontline Vision of America’s Power and
Purpose. New York: Palgrave Macmillan.

Janetos, Anthony. Climate Change Impacts. Briefing to the Military Advisory Board, September 8, 2006
Robert Marquand, “Glaciers in the Himalayas Melting at Rapid Rate,” Christian Science Monitor, November 5,
1999, as reported in Lesrer R. Brown's Eco-Economy: Building an Economy for the Earth. 2001. New York:
W.W. Norton & Co.

International Warer Management Institure, Projected Water Scarcity in 2025.

heep:/ /www.iwmi.cgiar.org/home/wsmap.htm

Brown, Lester R. 2006. World Grain Stocks Fall to 57 Days of Consumption. Barth Policy Institute, June. heep://
www.earth-policy.org/Indicators/Grain/2006.htm

Intergovernmental Panel on Climate Change, Fourth Assessment Report, 2007

World Health Organization, Global Climate Change and Health: An Old Story Writ Large. 2003, ISBN
9241590815, hup://www.who.int/globalchange /climate/summary/en/

Shope, R. E. 1992. Impacts of Global Climate Change on Human Health: Spread of Infectious Disease. Chapter
25 of Global Climate Change: Implications, Challenges and Mirigation Measures, ed. S. K. Majumdar, L. S.
Kalkstein, B. Yarnal, E. W. Miller, and L. M. Rosenfeld, 363-70. Easton, PA: The Pennsylvania Academy of
Science.

Hinrichsen, D. 1995. Coasts in Crisis: Coasts and the Population Bomb. American Association for the
Advancement of Science, September 1995 hutp://www.aaas.org/international/ehn /fisheries/hinrichs.htm
Gleick, P. and E. Maurer. 1990. Assessing the Costs of Adapting to Sea Level Rise: A Case Study of San Francisco
Bay. April 18, 1990. Pacific Institute for Studies in Development, Environment, and Security.

Hanson, Stephanie, 2006. Brazil's Powerful Prison Gang. Council on Foreign Relations, September 26, 2006,
htp:/ /www.chr.org/publication/11542/brazils _powerful_prison_gang.html?breadcrumb=%2Fissue%2F104
%2Frule_of law#7

Ernest George Ravenstein: The Laws of Migration, 1885, By John Corbett in Center for Spacially Integrated
Social Science Classics. http://www.csiss.org/classics/content/90

World Resources Institute, United Nations Environment Progeamme, Tomorrow's Markets, Global Trends, and
Their Implications for Business. 2000, Paris

Hansen, J. 2006. Climate Science Overview: The Threat Posed by Global Warming. Briefing to the Military
Advisory Board of the Study of the Impacts of Global Climate Change on National Security.

Reuveny, R. Environmental Change, Migration and Conflict: Theoretical Analysis and Empirical Explorations.
International Workshop on Human Security and Climare Change, Oslo, June 21-23, 2005. http:/ /werw.
cicero.niono/humsec/papers/Reuveny.pdf

Wolf, A. T., and A. Kramer, A. Carius, G. Dabelko. July 2006. Water Can Be a Pathway to Peace, Not War.
Woodrow Wilson International Center for Scholars, No. 1. hp:// www.wilsoncenter.org/topics/pubs/
NavigatingPeacelssuel.pdf

Conca, K. November 2006. The New Face of Water Conflict. Woodrow Wilson Center for International
Scholars, No. 3. http://www.wilsoncenter.org/topics/pubs/NavigatingPeacelssue3.pdf

Messer, Ellen, and M. Cohen and T, Marchione. ECSP Report (7): 1-16.
http://www.wilsoncenter.org/copics/pubs/BECSP7-featurearticles-1.pdf

Kenyatta University, Professor Michael Bernard Kwesi Darkoh, “Desertification: the scourge of Africa” at
http://www.cru.uea.ac.uk/cru/tiempo/issue08/ desert.htm

Helldén, UIf. Desertification Monitoring: Is the Desert Encroaching? Remote Sensing Laboratory, Department of
Physical Geography, University of Lund, Sweden, http:/ /www.ciesin.org/docs/002-178/002-178 html
Hansen, J. et al. 2006, Global Temperature Change. Proceedings of the National Academy of Sciences vol. 103,
no. 39: 14288-293, September 26, 2006

South African Weather Service, htrp://www.weathersa.co.za/Pressroom/2000,/2000FebTC Eline,jsp
Intergovernmental Panel on Climate Change, Third Assessment Report, 2001, Climate Change 2001—
Werking Group IT: Impacts, Adaptation and Vulnerability.

&2 SecurityAndClimate.cna.org



25.

26.
27.

28.

29.

30.

3L

32,

33.

34,

35.

36.

37.
38.

39,

40.

41.

42.
43,
44,

45.
46.

47.

48.

49.

50.

199

U.S. Department of Agriculture, 2002. China’s Food and Agriculture: Issues for the 21st Century. Market and
Trade Economics Division, Economic Research Service. Agriculture Information Bulletin Na. 775. April
2002. Fred Gale, editor

Bhattacharya, S. 2003. European Heat Wave Caused 35,000 Deaths. New Scientist 13:38. October 10, 2003
Lester R. Brown, 2006. Plans B 2.0: Rescuing a Planet under Stress and a Civilization in Trouble. New York:
W.W. Norton & Co.

Gurdak, J., Understanding gr dwater resp to b and climate-induced stresses: High Plains Aquiftr,
United States. U.S. Geological Survey. http://co.water.usgs.gov/nawqa/hpgw/meetings/ GURDAKS5. htm!
National Academy of Sciences. 2007, Colorado River Basin Water Management: Evaluating and Adjusting to
Hydroclimatic Variability. Committee on the Scientific Bases of Colorada River Basin Water Management,
National Research Council

Knutson, T., Geophysical Fluid Dynamics Laboratory, National Oceanographic and Atmospheric
Administration. "Global Warming and Hurricanes.” hrep://www.gfdl.noaa.gov/ ~tk/glob_warm_hurcheml

Weiss J. L., J. T. Overpeck. 2006. Climate Change and Sea Level. hetp://www.geo. ari-zona.edu/dgesl/index.
htmis

Purvis, N. and J. Busby. 2004. The Security Implications of Climate Change for the UN System. ECSP Report,
Tssue 10,

Pirtenger, R., and R. Gagosian. 2003, Global Warming Could Have o Chilling Effect on the Military. Defense
Horizons, Number 33, October 2003

Center for Naval Analyses, CRM D0008026.A2/Final. 2003. Susceptibility of Carrier Flight Deck Crewmen to
Heat Stress (U). A Jewell, T. A, Roberts, K. M. DeBisschop. March 2003

U.S. Navy, Office of Naval Research, Naval Iee Cenrer. 2001, Naval Operations ins an Jce-Free Arctic:
Symposium. April 17-18, 2001.

U.S.-Canada Power System Outage Task Force. 2004. Final Report on the August 14, 2003 Blackout in the
United States and Canada; Causes and Recommendations. April 2004. https:/ /reports.energy.gov/

Boot, Max. Our Enemies Aren’t Drinking Lattes. 2006, Los Angeles Times, July 5, 2006

Department of Defense, Defense Science Board. 2001. Task Force on Improving Fuel Efficiency of Weapons
Platforms, More Capable Warfighting Through Reduced Fuel Burden. January 2001

The MITRE Corporation, JASON Program Office. 2006. Reducing Do) Fossil-Fuel De-pendence. Report #
JSR-06-135. September 2006

Earth System Research Laboratory, Global Monitoring Division, National Oceanographic and Atmospheric
Administration (NOAA). Trends in Atmospheric Carbon Dioxide. hetp://www.cmdl.noaa.gov/ccgg/trends/
Intergovernmental Pane! on Climate Change, Third Assessment Report, 2001, Climate Change 2001—
Working Group I: The Scientific Basis.

Gore, Albert. 2006. An Inconvenient Truth. New York: Rodale Press.

Emanuel, K. 2006. Hurricanes: Tempests in a Greenhouse, Physics Today: 74-75, August 2006

Arctic Climate Impacr Assessment {ACIA). 2004, Impacts of @ Warming Arctic: Arctic Climate Impact
Assessment. Cambridge University Press. htrp://www.acia.vafiedu

Trivedi, B. 2002. Antarctic Gives Mixed Signals on Warming. National Geographic Today, January 25, 2002
Vaughan, D. G. 2005, How Does the Antarctic Ire Sheet Affect Sea Level Rise?, Science 308, 5730, June 24, 2005:
187778,

National Oceanic and Atmospheric Administration, National Climatic Data Center. 2005. Observed Trends
and Variability in Land and Ocean Surface Temperatures. February 8, 2005.

heep://iwf.ncde.noaa.gav/oa/ climate/research/trends.himi

James C. Orr, Scott Doney, et al. 2005, Anthropogenic Ocean Acidification Over the Twenty-first Century and Its
Tmpact an Calcifying Organisms, Nature 437: 681-686. September 29, 2005

Intergovernmental Panel on Climate Change, IPCC Special Report: Emissions Scenarios, Summary for
Policymakers. 2000

National Academy of Sciences. Committee on Abrupt Climate Change. 2002.“Abrupt Climate Change:
Inevitable Surprises” Washingron, D.C.: National Academy Press.

REFERENCES+® SscurityAndClimate.cna.org B3



200

The CNA Corporation

Research that works, for work that matters

Printed on FSC certified, 50% recycled, 25% post-cansumer waste, elemental chiarine-free (ECF) paper stack.



201

L00¢ 1oquiada(

AijenD [RIUBWILOIIALT UO [I2UNOY)
uewiey)
uo)ybneuuo? " sawer "UoH

Aoi1j0d ajewi|H pue ABiau3



202

sal1junoa |je Joj ssaoaoe ABojouyos) pue ‘A13salo) ‘uoijeldepe uo swesboid 3snqoy

‘ ssalboad
yoel} Aj@Aoaya alow ued Jey) swajsAs Huiunoosoe pue Juswainseaw parosduy

juswdojanap pue yaleasas jeqoib ui Juswsaau] popuedxy -

sjoo} Buioueuyy pasueyuy -

$39]A49s puk spoob ABiaud ues|d 1o} siale( Jlie)-UoU pue Syjiie) Jo uojjeululjy -~
$8uo mau jo Juswdojanap oy} pue saibojouyss} ues|s bunsixe jo uoydope poddng

(spoye
jeuoljeu pue jeqojfl asueApe 0}) s10}09s Ay uo sdnouib Bujpyiom [euopeusayu -~
(4ejos pue ‘puim “Jeajonu ‘Aauaioiys -6+a) ABssua uoqies
019z Jeau pue ‘asn puej ‘uofjeiodsuel) ‘uonesauab samod |ISso) UOIED 19MOT] ~
s10)29s Aay| 10} saibajels Juswhojdap pue Juawdojarap ABojouyasy aAljeloqe]jod

9](JeINSEAUI pUB 9AI}094J0 AJjEJUSWILOIIAUD 3 ISN\ —
(sdiysisauped
‘saAljuUaoU] ‘sajepuew) saioljod AlejunjoA pue Bujpuiq jo A}pueA asy ~
sjeob waaj-piw Jos jeyy suejd jeuoneN

ymoib
S1WOU023 Y}IM Judlsisuod ‘uononpal seb asnoyuaaib oy jeob jeqob wis) Huo

SUoISSNOsSI(] salwouod] Jolepy Jo sjuswa|g Aoy



203

yoseasay awoH Abisug oisz

1190 1on4 uaboipAH ‘spligAH u-Bnjd sy
usabolpAH ‘losalg-oig ‘joueyi oisojniid) :sjen4
weiboid abeiolg g ainide) uoque) [euoibay
‘ue|d 1omod usBolpAH g [BOD suolssiwg

0197 U9 8injn4 Yolessay uoqie) Mo (|eoD
UOISNH PUE A] UOIIBIBUSL) :18Mm0d JEajoNN
PUIAA PUE JBJOS PSOUBAPY 11aMOd sjqemausy

KBojouyoa]

swelbold uonealasuod) jjig wied zooe
uoliig +0t$ 4o Hed uojensanbag jesibojoig

SOAIJUSDUY JBJOS SWOH Ut 000Y$ 01 dn
SOOIYBA JuSIoYT 10} HPaID Xel 00vES 01 dn
(sjeny pue Jamod) sesjuelENS) UBOT

jeydeo ajeald go1$ 190 Buibelaas)

+ 99°1$) HpaID Xe| jusw)saAu| [e0D Uesl)
G002 1ovd3 — uoljiq oL $ Inoqy

S9AUAdU|

Anunon Joyj0 Auy uey] aioyy ‘poddns uesiped-ig
jobpng ejewl| jesopaH uoljjig LS

1 00Z d2UlS saAljellu] [BUOHEN "SN

u:mc\_m>o._arc_ %0€ 2P0 BPO 304 -
salels g sanyjioe [e1apad -sepo) Bulpjing
MDTZE 0} ‘MO FL MOU ‘MOY'S woy Buien  —
UOjRIBURD JO %08 'SAAEIS b  —
(.SdY.) JIamod sjqgemausy ajeis
(G00T VdT wold Gi) spiepueis oy —
Aousioiyg soueljddy jelapay
zL0z Ag suojeg uolig §°L —
(,S4Y,) sion4 s|gemauay jelapa4
|10z uBnowy | sxoniL Jybi Ui asesou| %S5L  ~
(,34vD.) Awouoo] jan4 jelepaq

Sojepuep

swelbold yuswabeuepy ABiaug jeiapa
1e}S SED) jeinjeN pue Jelg Abieug
sdiysiauped uoljeyodsuel] Aemuews
(slispes Auedwo) +001) SiepesT sjeul|)
(s101098 Asnpuj GL) UOISIA 8jewi|D
JaMod Jes|onp 10} $53201d YN paroidwy
010Z 1amod JesjonN

sdiqsisuneg




204

SPOYISIN UOHONPO.4 joueylg MaN
|9ss8iqg-oig

SSRIYBA

puaAH uj-Bnid Joj salsney pasuBApY
jan4 uaboipAH

annenu; ABlau3 paoueapy sy Joj g /'2$

}abpng 800¢

SJUE|d [9njoig PaoUBAPY o) sueoT Ul g2¢
uoneaouu| ABiauz Joy Buipund meN Ui 99°1$
uonensanbag

feaibojog 1o} g+05$ Jo uotod

UOIEAIaSUOY) ||ig ulie]

18MOd Sjqemauay aloW asM
sieah 01/9%0¢ — Aouaoye ABiaua anoidwy
1eak/o,01 - Sjan4 sjgemauay JO 9s() asealdu}
1B9A/9%,Z — S9|21IUBA Ui uondwnsuo) IO aonpay
juswabeuepy
uojjeniodsues) pue ABiau3 ‘fejuswiuoiiaul
JUBWUIBA0YG Jesapad Buluayjbuang

19pI0 oANIaXg

JUBLUSSaSSE }SOoA)aUag . pue

‘Alojes ‘ANjiqises) uo paseq UolelSiuIpY

Alojeg oiyel) pue AemybiH feuonen syl

je spadxa Aq 18s aqg pinoys siabie) oyoadg

sajns onJ3 Jybi pus)xa ‘spiepuels 182 maN

sieah Q| xau ayj Jono sbuines

jony ul suojjeb uoijiq 6'g 03 dn aanpold

S8jNJ AIOJEpPUBLU MBU UM /| 0Z Ul @sn
aujjoseB jenuue pajosfoid jo 9,6 aoe|dsig

a)epuep Awouos] jan4 aj91ydA

ME} JuaLIND U Jabie) Z| 0z sown G AjJesn

seAljela)e Jo suojieb geg Jo asn ajepuepy

sjany

SAlJEUIS)E PUE BjgEMBUBI YIM /| 0Z Ul sn
auljoseb jenuue pajosfoid o,G| adejdey -

sjepuey Sjan4 aAleuId)| Y

-US] Ul \JUsM,, uoiuf Jo 9je3g

Jea A SIY] saAleniu] map Jolen




205

Bbuibbo jebajj buiddolg
$89UBI0G JO AWepeoy UolBAIaSUOY) 1Sa10 [eoidod |
leuoneN Aq papuswiwodsy - suoIssiwg Jamo] pue ABojouysa |
(suonenN /) uo sjuswaalby [elsielg +Z1
uoileAlssqQO Yyues [eqoio (suonen /1)
(suonep /) ABiaug uoisny Aouaiyg pue ABiaug ajgemsusy
(suoneN Q) Jes|onNN Aj Uus9 S0z Aq peonpaJ suo} uoljjiw +0gl —
(suoneN 61) diysisuped (suonen 0z) sioxep 0} sueys\
ABlaug JesjonN |BqO|1D swelibo.d op ueyy aiopy -
(suoneN /1) uaboipAH (suoneN 0z-¢|) anbojelq 8-9
(suoneN G) |eoD uas) aining suonoe ol ApesN -
(suonepN zz) SUOISSIW® JO 9%0G 40} SJUNOJIY —
abelo)g pue aumden uogle) (suoneN /) diysiauped ouoed-eisy
JUSWIadUBApPY ABojouyds] suwieiboig uondy [eqo|9

S)nsey |eoy ‘ivjseH ‘eAeiadoon) siopy
L 00Z 92UIS SAIeNIU| [BUOEUISIU] "S™N




206

. "L00T 'SINHISUL [BLOWSIY SiSNER WRIb0/f
yoipasey peIoSUOdS eIBAL-OIGNS [BuCBLLBUf UB Wok SBUIpLIS 7 858y [ebueyy) epeiwiljs Buissaippy ABajens ABojouyoa] ABieus jeqojs woy paauep wed

S60T 080z 5902 0s0¢ S£0T 0202 L4 086k

adoing u1eIsopp ¢
7N enenShY B
ueder g
adoing uisysen B
ns4#
BBIOM B
BULD &
eipul B
EIsY Jseanog
BOLIOWY UjET B
Iseg 8PP B
MY B

SUDISSIUE. | XOUUY B M.
jenbg SUOISSIURY [ XOULY-UON

g
24
g

JAZ0D 3D ‘SuoISSIWT F0D feHIsnpUy pue jissoy

uoiBay Ag suonaslold uaissiwg 00 fensn-se-ssauisng
Ainjuan Buiwon ayy Jan)
salunon Bumiw= ur suonisuel | juepodwi




207

“aaminy av jo uonaalosd ssanb 159 B SE UBL; Joue: spuas {Bnusiod J0 aateiIsn) SE USYe} 29 PINOYS SUNseY “AINjued aul 190 $31Es YMeIB SUoSSILR Juasayp
BABY PINOM SOLIBUS0S 12410 (OLEUSS SARBASNIL BUO §I iYL "SSLIUNCO [ENPIAIPUI BSaU) U Sa)es YMeIE Joj Safxosd se pasn aiom sucibe. ejebaubibe areudosdde

B} IO} SBIBS YMACIT) "OONRJY PUE [iZElg ‘00Xaly BRIENSNY ‘BOLLY UINOS ‘eissny 'suoifas enpi SE SLUN0O [BIBABS 2PNOUI tou S20p WYL 2doing
1eyy0 pUe ‘wophury peyun ‘uiedg BlUBWOY ‘puBlod 'SpUeNalIaN ‘Al ‘Auelieg ‘soueld ‘wnifjeg :Bununoooe vi3 woi saigunoo Buimolio au siey sapnjout
adoing ‘ejdwexe 104 “suonebaibie reulo yum AJoexs uolew jou ABW sslnBajes '0UBUa0S SoUaISlal WY IIUIN dSOD BU} U0 PRSEq SOLBUSDS ARSI

§00z jo
%06 1e 0502

aousIe)ed 0502 §500¢

11
(%69+)
RS Gl

1eakjcQ0 1o ‘suoissiug Abisug

05

~ G00Z 0 %06 e 0S0Z pue ‘sse) aouaisjay
0S0Z ‘SO0z :suoissiwg ¢0n ABiaug seiwouoosy Jolepy




900z Joquialdes ‘el abejens welbold ABojouyos] ebueus sjeun) jeninog
sjeid Jamod PaLY-E0O JO PESISU,
{sweBoyy 00O} ) SUCE DS 4D} = SuoieBin

e g A, ¢

, Bm@_‘,@ :




209

"BISEUOPU} PUE 'ZBIig "00IXSIY ‘BILIY LINGS ‘BIPUL ‘BUND Bpniout ST Buidojersd "eeAstY PUB ‘BRIOM UINOS
‘epeur) ‘uede ‘Bissny ‘edoing g @pnjpu 3y padojeaaq "(Buidajaas( 1o padojeasg a7} dnosb JW Jey) Joj eseD sousieel 0GOT By} WO uoionpas senby
19 041 sienbe suoissiwe 207 ABsaus sauuoucod salely 1210} SODZ 10 %06 ¢

4o vz} (o L94)
Goov) ooy (o) bowe) G901y (90} sucissiNg SUOISSIWY
185] 1651 1SS 1651 1SS 1S5 ElL oy AN
3 Suidojassq 3w padojeasg g Busdojeasg 3N pedojeaag  3IW Buidofaneq 3| padojanag Buidojsasg padojaseq
030 080Z 0802 80z as0z

3 ABiaug

‘SUOISSILL

9]
&
(o]
o
L
g
@
o
=

SUOISSIT S00Z %08 SUOISSILIT S00Z %0Z ln 18 " suoissiug
1€ SUOISSILT Sajouoag }B SUDISSHLT SBIIOUoDT SUOISSILT SaOU0T] ou:m..&mm 050z
Jofewy padojanag Jofey padojaasq Jofep pedojerag

sajuouosy tofey Buidojeasg O sapuouos] lofe padopasqg
L90UBIaI9Y (507 WOL UCHONPSY JUBIIS pur 00 uolelin jenuuy
:selwouood Jofey padojoasd
10} Sjeo9 UORONPaY JUSIsiI( JBpuUr 5007 Mojag sSUoIssiLg Ul Uononpay %0% pauiquio)d
- B 3A8IYOY 0] sslliouody Jolely 10§ 0507 Ul POPDSN SUOHONPOY SUOISSILT NOO ABraug



HENRY A. WAXMAN, CAUFORNIA
CHAIMAN

JOHN B, DINGELL. MICHIGAN
CHAWMAN EMERITLS
EDWARD J, MARKEY, MASSACHUSETTS

GOROON, TENNESSEE
BOBEY L RUSH, ILLNOIS
ANNA G. ESHOO, CAUFORMA
BART STUPAK, MITHIGAN
ELIOT L. ENGEL NEW YORK

GREEN, TEXAS

Diata DEGETTE, COLORADT

LOIS CAPPS, CALIFORNIA

MIKE DOYLE, PERNGYLVANIA

JANE HARMAN, CALFORNIA

JAN SCHAKOWSKY, ILLINGIS

CHARLES A, GONZALEZ, TEXAS

JAY INSLEE, WASHINGTON
TAMMY BALOWIN, WISCONSIN

MIKE ROSE, AR)

ANTHONY 0. WEINER, NEW YORK

JInt MATHESON, UTAR

G.K. BUTTERFIELD, NORTH GAROLINA

CHRALE MELANCON, LOUSSIANS.

JOHN BARROW, GEORGIA

BARON P. HiLL. INDIANA

DOTUS 0. MATSAD, CALIFORNIA

DONNA CHRISTENSEN, VIRGIN ISLANDS

KATHY CASTDA. FLORIDA

JOHN SARBANES, MARYLAND

CHRISTOPHER MURPHY, CONNECTICLIT

ZACHARY T. , QW)

JERRY McNERNEY, CALIFORRA

SETTY SYTYON, OMIO

SRUCE BRALEY, OWA

PETER WELCH, VERMONT

Mr. R James Woolsey

210

ONE HUNDRED ELEVENTH CONGRESS

Congress of the United States

THouge of Representatives

COMMITTEE ON ENERGY AND COMMERCE
2125 RavBuRN House OFFiCE BUILDING
WASHINGTON, DC 20515-6115
MucRY  [207) 225-2827
FACsseLE (202} 725-2525
MINORITY  (207) 225-3643

energycammerce.house.gov

March 24, 2009

Senior Executive Advisor

Booz Alien Hamilton

8283 Greensboro Drive
McLean, Virginia 22102
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February 12, 2009, at the hearing entitled “The Climate Crisis: National Security, Public Health,
and Economic Threats™.
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The Honorable Gene Green

1. You made several observations in your work on “malevolent and malignant threats™
regarding climate change’s impacts on our energy infrastructure.

Can you further elaborate on your point that our energy systems our vulnerable to
climate change?
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The Honorable Joe Barton and the Honorable Fred Upton

1. When it comes to energy security, you suggest that we must reduce our dependence
on oil.

a. If the United States reduced its oil demand, the first barrel of oil withheld from
production would likely come from the highest marginal cost production. That
means first we would withhold from Canada, then probably our own domestic
production, while the Middle East would continue to supply us. Have you
assessed this situation? What is the strategic value from harming our allies or
own production before we have an impact on the Middle East?

b. On arelated note: Even if the United States drastically cut its oil use, the’
developing world will continue to demand oil — continuing to enrich the
Middle East and other unsavory suppliers of cheap oil. Al-Qaeda would still
be able to receive its tens of millions in support money. How will this affect
our security?

2. 'When you were the Director of Central Intelligence from 1993-1995 you were
presumably tasked with establishing a budget for many of the intelligence agencies.
Where did climate change fall as a priority within your budget?

a. Where would you place it as a priority now?
b. What types of other threats would you consider a higher priority?
¢. What types of other threats would you consider a lower priority?

3. What is the impact on national security if all energy intensive industries moved
overseas? What would be the national security impact if we lost more of our
manufacturing base?
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House Committee on Energy and Commerce

Answers to Questions Submitted After Hearings of February 12, 2009
Witness: R. James Woolsey
Congressman Green

Q1.

My discussion of “malignant” and “malevolent” threats regarding energy is
generally not about climate change’s impact on our energy infrastructure -
although there may well be some -- but rather about how these two types of
threats to us derive in part from the way we have built, fueled, and used our
energy systems.

“Malignant” threats, as I use the term, are threats that are unintentionally createc
because we depend on complex systems that can fail in chaotic and sometimes
unpredictable ways due to seemingly small disturbances in them. Examples
would be the large-scale grid failures in: (1) 2003 (in Ohio, the Northeastern US,
and Eastern Canada) of our overstretched electricity grid due to a power line
touching a tree branch in Cleveland, and (2) 2008 (in Florida) due to, essentially,
a short in a single bottle switch in a substation in Miami. Other “malignant”
effects would be potential positive feed-back loops (escalating exponential
failures) in the West Antarctic and Greenland ice sheets due in part to carbon
dioxide put into the atmosphere by the burning of fossil fuels in our energy
systems.

Insofar as increased incidents of extreme weather in turn cause malfunctions of
energy systems, these could be said to be “malignant” as well. One example
would be the shut-down of a number of nuclear power plants in France early in
this decade - and the deaths of thousands of the elderly from heat as air
conditioning and fans failed -- due to water problems during an extremely hot
summer.

“Malevolent” threats, in this terminology, would on the other hand be conscious
decisions by others to increase our insecurity, decisions caused or made possible
in part by the way we design, operate and fuel our energy systems. Examples
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would be possible Chinese or Russian cyber-attacks on the vulnerable control
systems for our electric grid, or the fact that the world’s almost complete
dependence on oil for transportation has provided to Iran the funds it now uses
in its nuclear weapons program.

Congressmen Barton and Upton

Qla

When one begins to rely less on a commodity in favor of a substitute there is no
way to avoid the higher-cost suppliers losing business before the lower-cost
ones. But the conclusion I draw from that fact is not that we should relax and
accept our oil dependence but rather that we must move as rapidly as possible to
destroy oil’s monopoly (some 96 per cent) over transportation so that we may
break OPEC’s power as quickly as possible. I believe we can do this relatively
quickly if we orient all relevant national policies to moving rapidly both to
electrify much of transportation (e.g. with plug-in hybrids) and simultaneously
to move toward second-generation biofuels such as those with cellulosic and
waste feedstocks.

Q1b

There is no reason for us to try to maintain wholly within our own borders the
technologies, such as battery and biofuel developments, that will help others as
well as ourselves move away from oil dependence. We need to maintain
manufacturing capabilities but they need not be exclusive. This is an issue, in my
view, where our interests are quite compatible with those of other oil importers
such as India and China. They would be well-advised to move away from oil as
well.

2a,b,and ¢

Intelligence is generally, in my view, about stealing secrets from enemies and
potential enemies and analyzing that information, together with other
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information from open sources, to help the President and other decisionmakers
in their responsibilities. As such, climate change is not a traditional intelligence
target - it wasn't in 1993-95 and it isn’t now. Judgments about the likelihood and
nature of climate change should, 1 believe, principally be the responsibility of a
part of the government with appropriate expertise, e.g. NOAA.

Where those judgments could affect the planning of a government agency, then
that agency should take the material provided by, say, NOAA and consider
changing its planning accordingly - e.g., I think it is plausible to believe that
increasingly unpredictable climate events may lead to a greater need to use our
military forces for humanitarian missions such as the aid we provided to
Indonesia several years ago following the tsunami there.

In my view the two principal questions on which intelligence intersects with
climate change are: 1) How might climatic instability and temperature changes
in some parts of the world affect the behavior of states due to water and food
shortages, migration, social instability, and the like? and 2) How can the
intelligence community most effectively continue to provide information to the
rest of the government ~ e g from reconnaissance satellites and other sensors - of
phenomena such as glacier, ice-sheet, and oceanographic changes.

Only the last point was a salient one in 1993-95 since the program to provide to
climate scientists reconnaissance satellite information about various
environmental matters had begun several years earlier. I helped expand that
cooperation but the cost to the intelligence community was negligible since the
digital reconnaissance data had been stored for some years as part of the natural
operation of the satellites.

I don't believe these priorities or proper roles for intelligence have changed
substantially over the years. The only possible difference is that climate change
may now appear to affect the potential behavior of some nations sooner than
would have been thought a decade and a half ago. Whatever the formal priority
of climate change work in the intelligence community it would be as short-
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sighted to neglect to assess its potential affect as to neglect demography, another
determinant of human behavior that it is important to assess even though the US
Government needs to steal no secrets in order to consider its potential effects.
There is some chance, for example, if one considers possible developments in
both climate change and demography, that by the middle of the century Russia
may have a population smaller than Yemen (under 100 million), over one-third
of it Muslim, and be seeing increased attempted immigration by large numbers
of Chinese fleeing flooded coasts into a somewhat warmer Siberia. These trends
may not play out in this way, but it would not be responsible for the intelligence
community to ignore such possibilities in assessing potential developments in
Russian and Chinese behavior in coming years.

Q3

There would obviously be a very negative effect on the US if all energy-intensive
industries moved overseas and doubtless a negative effect in losing
manufacturing base. But I would point out that methods of counteracting such
effects are available to the Executive and the Congress. For example, in the
1980’s the US became concerned about our loss of computer chip manufacturing
capacity to Asia and the Congress established Sematech, a public-private
partnership to permit American chip manufacturers to cooperate and improve
their technology and manufacturing capability. It was quite successful. I would
think that one way to deal with the negative effects of our oil dependence would
be, e.g., to establish a Sematech for batteries to help us hasten the day when we
can electrify an important share of transportation with American-produced
energy systems.

I would not favor accepting oil’s monopoly of transportation and OPEC’s near-
monopoly of oil as the favored path. In my view if one does not want to move
away from oil dependence because of climate-change concerns, that is fine - the
fact that we are currently funding both sides of the war against Islamist terrorism
should be sufficient reason in and of itself to undertake such an effort.
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Questions for Dr. Kristie L. Ebi

The Honorable Gene Green:

1. Can you explain how increasing temperatures could fuacilitate the development
of ground level ozone and how this could impact public health within pollution-
prone areas?

Air pollution concentrations are the result of interactions among local weather
patterns, atmospheric circulation features, wind, topography, human activities (i.e.
transport and coal-fired electricity generation), human responses to weather changes (i.e.
the onset of cold or warim spells may increase heating and cooling needs, and therefore
energy needs), and other factors. Some locations, because of their general climate and
topographical setting, are predisposed to poor air quality because the climate is conducive
to chemical reactions leading to the transformation of emissions, and the topography
restricts the dispersion of pollutants.

Ground-level ozone is both naturally occurring and, as the primary constituent of
urban smog, a secondary poliutant formed through photochemical reactions involving
nitrogen oxides and volatile organic compounds in the presence of bright sunshine with
high temperatures. Land use changes over the past century affect ozone concentrations
by altering vegetation patterns that affect biogenic volatile organic compound emissions
that influence ozone production. In addition, urbanization leading to heat islands can
influence the local production and dispersion of ozone. In urban areas, gasoline-burning
engines are major sources of volatile organic compounds, and nitrogen oxides are
produced whenever fossil fuels are burned. Temperature, wind, solar radiation,
atmospheric moisture, venting and mixing affects both emissions of ozone precursors and
production of ozone. Because ozone formation depends on sunlight, concentrations are
typically highest during the summer months, although not all cities have shown
seasonality in ozone concentrations.

There are two major sources of uncertainty when assessing the health impacts of
future changes in tropospheric ozone concentrations: the extent of future changes in
emissions of ozone precursors; and the degree to which future weather conditions could
increase ozone concentrations. Future emissions are, of course, uncertain and depend on
assumptions of population growth, economic development, regulatory actions, and
energy use. Increased regulation of anthropogenic emissions of volatile organic
compounds and nitrogen oxides from gasoline powered engines means that biomass
burning, including fires, will likely increase in importance as sources of ozone
precursors. Assuming no change in the emissions of ozone precursors, the extent to
which climate change affects the frequency of future “ozone episodes” will depend on the
occurrence of the required meteorological conditions. Where climate change is projected
to result in an increased frequency of stable anticyclonic conditions with little boundary
layer ventilation and associated high temperatures, cloud free conditions, and large solar
radiation inputs, it may be expected that exceedance of current air quality standards will
likely occur.

Ground-level ozone is a known pulmonary irritant that affects the
respiratory mucous membranes, other lung tissues, and respiratory function.
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Exposure to elevated concentrations of ozone is associated with increased hospital
admissions for pneumonia, chronic obstructive pulmonary disease, asthma, allergic
rhinitis, and other respiratory diseases, and with premature mortality. Table 1
summarizes recent studies of the health consequences of changes in ozone
concentrations due to climate change; all project at least a small increase in
mortality in a warmer world.

Reference: Ebi K1, McGregor G. Climate change, tropospheric ozone and particulate
matter, and health impacts. Environmental Health Perspectives 2008;116:1449-1455;
doi:10.1289/ehp.11463
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2. How specifically do you suggest the U.S. coordinate all public health responses
to climate change across the federal government?

Effectively addressing the health risks of climate variability and change will
require wide-ranging responses from Federal and State agencies and departments.
Because the health risks of and public health responses 1o climate change cover a broad
range of issues, and because the risk and responses will change over temporal and spatial
scales, there should be Federal coordination of programs and activities, within the CCSP
or a similar organization, to ensure that funding focuses on critical research needs to
address current gaps and those likely to arise within the next few decades. Programs and
activities designed to address climate change and health issues should be established
within all Federal agencies whose mission mandate includes human health, including
Departments of Commerce (specifically the National Oceanographic and Atmospheric
Administration), Health and Human Services (particularly the Centers for Disease
Control and Prevention), Homeland Security, Environmental Protection Agency, the
National Institutes of Health, National Science Foundation, and the U.S. Geological
Survey.

A robust research strategy to address the health risks of climate change, including
the health aspects of climate mitigation and adaptation policies, should integrate four
broad research activities: characterizing associations between weather/climate and health
based on observed data; identifying observed effects of climate change on health;
projecting health impacts using models; and identifying, prioritizing, evaluating,
implementing, and monitoring effective and timely response options (including
adaptation and mitigation). Key public health research categories that address these
essential services include surveillance and monitoring; field, laboratory, and
epidemiologic research; model development; development of decision support tools; and
education and capacity building of the public and public health and health care
professionals,

Ensuring that a Federal research program prepares the U.S. for the current and
projected health impacts of climate change would be facilitated by establishing a standing
committee within the National Academy of Sciences to advise on the size, priorities, and
balance of such a program, through independent and regular evaluations of the state of
knowledge and critical research gaps to address current and projected health risks.

Reference: Ebi KL, Balbus ], Kinney PL, Lipp E, Mills D, 0’Neill MS, Wilson M. 2009.
U.S. funding is insufficient to address the human health impacts of and public health
responses to climate variability and change. Environmental Health Perspectives (in
press).
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The Honorable Lois Capps:

1. The World Health Organization estimates that 150,000 people die every year
due to causes related to global warming. Like many congressional districts in
California, my district suffers from poor air quality. I'm very concerned about
the effect this pollution has on my constituents, particularly the young, the
elderly, and those already suffering from respiratory ilinesses like asthma. To
what extent is global warming contributing to the detrimental health impacts
cause by air pollution and how are those impacts likely to increase in the
coming decades?

Dr. McGregor and I recently reviewed studies projecting the impacts of climate
change on air quality and studies projecting the impacts of these changes on morbidity
and mortality (Ebi and McGregor 2008). Our conclusions include the following.

Poor air quality currently affects the health of millions of people. Climate change
has the potential to increase harmful exposures to elevated concentrations of ozone and
PM2.5 through changes in regional weather patterns. However, there is high uncertainty
about future projections; sources of uncertainty include not only future climate change,
but also future emissions of greenhouse gases, ozone precursors, and other pollutants, as
well as how population vulnerability and activity patterns may differ in the future,

Because of the high uncertainty of the extent and effectiveness of future emissions
reductions, most studies that projected the impacts of climate change on air quality
focused on future climate change alone and held precursor emissions constant over future
decades. Therefore, the focus was on examining the sensitivity of ozone concentrations
to alternative future climates rather than on attempting to project actual future ozone
concentrations. Based on a limited number of modeling studies, climate change is likely
to increase ozone concentrations in high-income countries when precursor emissions are
held constant, leading to increased morbidity and mortality. There is less certainty of the
possible impact of climate change on fine particulate concentrations.

Projections of future mortality due to increased ozone concentrations due to
increased ambient temperature are summarized in Table 1,

Ebi KL, McGregor G. Climate change, tropospheric ozone and particulate matter, and
health impacts. Environmental Health Perspectives 2008;116:1449-1455;
doi:10.1289/ehp. 11463

2. The health risks that can be attribute to global warming are broad in scope —
Jrom air pollution; to severe weather events like floods, droughts, heat waves,
and hurricanes; to the shifting range of disease-carrying vectors. The U.S.
needs to be a leader moving forward, both in mitigating climate change and
adapting to it. I've introduced legislation to help coastal states plan and
prepare for some of the expected impacts of global warming, such as sea level
rise. Do you think we should be doing the same kind of planning and
preparation to manage the projected health risks of climate change?

Yes. Synthesis and Assessment Product 4.6 (Analyses and Effects of Global
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Change on Human Health and Welfare and Human Systems) concluded that climate
change poses real health risks for U.S. populations. Although the U.S. has a well-
developed public health infrastructure and environmental regulatory program to protect
our air and water, climate change is projected to challenge the ability of these programs
to achieve their stated goals. Addressing the projected health risks of climate change is a
pressing challenge for public health. An effective public health response to climate
change is essential to preventing injuries and illnesses, enhancing public health
preparedness, and reducing risk. Although the scope and complexity of the challenge are
unprecedented, there is a conceptual framework for responding that draws on long-
standing public health thinking, the Essential Services of Public Health (Frumkin et al.
2008).

Reference: Frumkin H, Hess J, Luber G, Malilay J, McGeehin M. 2008. Climate
change: the public heath response. Am J Public Health 98:435-445,
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The Honorable Joe Barton and the Honorable Fred Upton:

1. There is little dispute a rise in global temperatures may increase the prevalence
of mosquitoes in areas where they previously may not have been a problem.
Worse, these mosquitoes, especially in developing countries, may carry malaria.
What, in your opinion, is the most effective way of dealing with the malaria
virus? Does a cap on carbon emissions meet the criteria of a cost-effective
solution to this problem?

Malaria is caused by four species of the protozoan parasite Plasmodium. Malaria
has proved a complex and difficult disease to control, in part because of the ability of the
Plasmodium to quickly adapt to changing environmental conditions and control methods.
Current methods of malaria control include use of insecticide treated bednets, indoor
residual spraying, pharmacology, integrated vector management, alteration of habitats,
and, in some areas, perimeter spraying. Despite known control methods, malaria
continues to kill 1-3 million children annually.

CO2 is not destroyed chemically; its removal from the atmosphere occurs through
multiple processes that store the carbon transiently in land and ocean reservoirs and
ultimately in mineral deposits. Natural processes currently remove about half the
incremental anthropogenic CO2 added to the atmosphere annually; the balance is
removed over 100 to 200 years. This inherent inertia in the climate system means that
the earth is committed to decades of climate change from the greenhouse gases currently
in the atmosphere. Actions taken in the next 10 to 20 years will have only a limited
effect on the climate over the next 40 to 50 years, but investing in mitigation now may
avoid some of the severe consequences projected for later in the century. The longer
serious reductions in greenhouse gas emissions are delayed, the higher will be the
projected costs for both mitigation and adaptation.

Therefore, a cap on carbon emissions should be an effective approach to reducing
future risks of climate change-related alterations in the geographic range and incidence of
malaria. However, focusing only on capping emissions would not prevent climate
change-related malaria deaths occurring today and over the next several decades.

2. Projections of world economic growth show that the developing world will be
wealthier 100 years from now. How have you accounted for this in your
assessments?

Projections of future health burdens attributed to climate change often are
based on one or more of the Standardized Reference Emission Scenarios (SRES),
which incorporate socioeconomic development. Projected future GDP is quite
uncertain because it depends on (1) the assumed rate of population growth, (2}
specific economic assumptions made about growth and the implementation of
technological changes, (3} the characteristics of the economic model used to project
GDP, and (4} assumptions about future exchange rates. Downscaling adds further
uncertainty. All of the SRES storylines describe futures that are more affluent than
today, with gross world product rising 10- to 26-fold. Along with the increasing

10
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income is a narrowing of income differences among world regions; this implies very
high growth rates for all currently developing countries - even those, particularly in
Africa, that have shown negative to little growth over the past few decades.

3. The U.S. emits about 5.5 billion tons of energy-based CO2 each year. The
developing world today produces about 14 billion tons. By 2030, the U.S. and
Western Europe, Canada, other developed countries will add about 2 billion
tons annually by official estimates. The developing world — China, India, the
Middle East, and Africa — will produce another 12.8 billion tons of energy-
based CO2 over this time. How will the United States cutting its emissions
affect global warming and public health if the developing world does not cut its
emissions to half of today’s emissions? Have you estimated the cost of that
action?

The climate change attributable public health and other impacts being observed
today, and the impacts that will likely be observed over the next few decades, are
primarily a consequence of greenhouse gas emissions from the United States, Europe,
Japan, and other developed countries. This historic responsibility for atmospheric
greenhouse gases and the resulting impacts are recognized within the United Nations
Framework Convention on Climate Change (UNFCCC). The UNFCCC also recognizes
that these countries need to demonstrate leadership in reducing their emissions, under the
principle of differentiated responsibilities:

Each non-Annex [ Party shall, in accordance with Article 12, paragraph 1 (b),
communicate to the Conference of the Parties a general description of steps
taken or envisaged by the Party to implement the Convention, taking into

" account its common but differentiated responsibilities and specific national anc
regional development priorities, objectives and circumstances.

The costs of action and inaction to reduce greenhouse gas emissions by
various countries and regions often are estimated by integrated assessment
modeling experiments. Unfortunately, there is no model of the health risks of
climate change that could be linked with integrated assessment models to estimate
these costs. Models are needed to estimate the costs of action and inaction on the
public health risks of climate change because climate is one of multiple factors that
influence the incidence and range of many heaith determinants and outcomes.

Health models that can explore the range of potential impacts of a changing
climate in the context of other drivers of population health are critical to better
understand where, when, in what population group(s), and with what intensity climate
variability and change could have negative health consequences. Identification of
vulnerable populations and locations can be used by risk managers to facilitate the
development and implementation of effective and efficient adaptation policies and
measures to reduce projected negative impacts, and can be used by policymakers to
identify mitigation targets and the possible health consequences of approaches to meet
those targets. Policymakers also can use model results to “climate-proof” decisions, to
better ensure that the interventions implemented will be resilient to changing weather
patterns and trends.

11
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Reference: Ebi KL. Healthy people 2100: modeling population health impacts of
climate change. Climatic Change 2008:88:5-19; doi: 10.1007/5s10584-006-9233-0.

4. Why isn’t promoting health and wealth directly more effective policy than
international schemes to limit emissions and create a complex trading system?

A recent paper by Tol, Ebi, and Yohe addresses this question. We studied the
effects of development and climate change on infectious diseases in Sub-Saharan
Africa. We used scenarios of per capita income, literacy, and absolute poverty and of
climate change to project the future incidence of malaria. Malaria deaths are projected to
first increase, because of population growth and climate change, then decrease because of
development. Climate change is important in the medium term burden of malaria.
Similar patterns are projected for diarrhea, schistosomiasis, and dengue fever. Climate
change is important in the medium term burden of malaria.

The results suggest that development could reduce the burden of infectious
disease over the long-term. Progress is projected to be slow, however, with climate
change impacts increasing disease burdens over the next few decades. Augmenting
current and future interventions specifically aimed at reducing the health burden of
infectious diseases due to climate change could save a substantial number of lives in the
short-term. Assumptions about economic development in the underlying scenarios led to
the conclusion that a policy that only focuses on development, assuming that improved
health care would follow automatically, is not advisable.

Reference: Tol RS], Ebi KL, Yohe GW. Infectious disease, development, and climate
change: a scenario analysis. Environment and Development Economics
2007;12:687-706.
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Responses from Dr. Frank Ackerman to questions from the Subcommittee on Energy and
Environment, April 7, 2009

Questions from Representative Gene Green:

1. In order to evaluate the “cost of inaction” on climate change, you compare the
economic consequences of two possible climate scenarios: a “business-as-usual” case,
or unchecked growth in greenhouse gas emissions, with a “rapid stabilization” case,
whereby the U.S. reduces its emissions by 80% accompanied by a 50% reduction in total
world emissions.

a. Under your “rapid stabilization” case, what happens if only the U.S. acts to
reduce its emissions while major emitters — like China and India — do not follow
suite [sic]? Will the costs of inaction become smaller or greater?

Climate change is a completely global problem; everyone’s emissions affect everyone on
the planet. My “rapid stabilization” case, like all meaningful scenarios for climate policy,
assumes that agreement has been reached about a global schedule for reductions. In the
absence of such agreement, we will all face steadily mounting climate damages which
will overwhelm our ability to adapt and protect ourselves. That enormous cost of inaction
is the reason why global agreement is essential.

On the role of the U.S. in creating that agreement, please see my next answer.

b. In your opinion, how critical is it that reductions in U.S. greenhouse gas
emissions be linked to global action to reduce carbon emissions? Could we ever
achieve a “rapid stabilization” case without strong, mandatory reductions by
other major emitters?

The U.S. and China, the world’s top two emitters, each account for roughly 20 percent of
global emissions; thus there is no possibility that any country can solve the problem
alone. The only important question is: what can each country do to achieve an effective
international agreement? Since 2001, the U.S. has been widely viewed by other countries
as a major obstacle to such agreement; we were alone among industrial nations in
refusing to ratify the Kyoto Protocol, and our government did not offer constructive
criticism or proposals for a better alternative. Indeed, some foreign observers started to
question why they should take any action when the U.S. was refusing to do so.

The U.8S. is the world’s largest and richest economy, and one of the top two carbon
emitters today (or unquestionably number one, in terms of historical emissions). It is
incumbent upon us to take the initiative in proposing bold new global solutions, and
challenging others to join us in pursuing those solutions. If we wait for China and India to
take the initiative and lead the world on this issue, we will run a serious risk of failing to
solve the climate crisis,
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Questions from Representative Gene Green, continued:

2. Your analysis found that under the “business as usual” case, combined increased costs
Jor electricity added up to $141 billion per year by 2100, or .14% of projected U.S.
output.

Last year, an EPA analysis of climate change legislation (S. 1766, Bingaman-Spector) in
the Senate found that electricity prices were projected to increase 40% in 2030 and an
additional 25% by 2050. How do these increased costs of addressing climate change in
this EPA analysis compare with your estimates under a “business as usual” case for
electricity prices?

It is a mistake to compare increased electricity prices resulting from climate policies to
the increased cost of electricity under business as usual. The climate crisis absolutely
requires emission reduction; that can be achieved either through market instruments or
through government regulation. In order to maximize the role of the market, rather than
relying exclusively on regulation, most policy proposals call for raising the price of fossil
fuel use, in electricity, transportation and other sectors. That is, the increased price of
electricity is an intentional, essential part of a market-friendly climate policy. The only
alternatives are much greater reliance on command and control regulation — or failure to
solve the climate crisis.

The comparison of increased electricity prices to electricity costs under business as usual
is misleading; the emissions from electricity generation affect climate change in general,
not just the electricity sector. Climate change is a systemic problem, requiring strong
incentives to reduce carbon emissions wherever they occur — definitely including higher
prices for fossil fuels.

It is legitimate and important to consider the impacts of energy prices on income
distribution. The recent history of generous tax cuts for the wealthy, combined with
shredding of the social safety net, have left the U.S. with an extraordinarily unequal
distribution of income. Measures to reverse this trend and provide additional resources to
those at the bottom of the economic pyramid are desirable in any case — and all the more
important when climate policy raises energy prices, which will create a disproportionate
burden for lower-income groups. However, policies that compensate lower-income
groups should be based on income and needs alone, not on energy costs; payments
directly tied to energy costs would undo the benefits of price incentives, forcing more
extensive use of command and control regulation for emission reduction.
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Questions from Representatives Joe Barton and Fred Upton:

1. In producing the estimates on climate damages in your testimony, did you estimate
how much the cost of adaptation would be and whether that would be cheaper than
mitigation? If so, please provide those analyses.

My testimony did not include calculations of the costs of mitigation; I only provided brief
citations to other published cost estimates. | am not aware of any comprehensive
estimates of the cost of responding to climate change through adaptation alone; indeed, it
is not possible to adapt fully to climate damages, beyond the very early stages of the
process. Delays in mitigation, based on a short-run calculation of the costs of adaptation,
will only make the long-run problem more severe, and more expensive to solve.

In a co-authored article, forthcoming in Ernergy Policy, | demonstrate that the Stern
Review understated the costs of inaction on climate change, in part because it included an
exaggerated estimate of the availability of very low-cost adapation. The pre-publication
version of the article is available at

http://www.sei-us.org/WorkingPapers/WorkingPaperUS08-02.pdf

2. It’s hard not to notice correlations between a nation’s economic prosperity and its
carbon output.

There is such a correlation, but it is far from perfect. A closer look at the data shows that
there are large differences in carbon emissions among countries at similar economic
levels. The same is also true within the U.S.; California and New York have emissions
per capita of about half the national average, while Texas, among other states, has
emissions far above the average.

a. Understanding that there is a relationship, how can we unilaterally decrease
our carbon emissions without sacrificing our economy?

If we forced everyone to live at the economic level of California and New York, where
carbon emissions per capita are half the national average, how much sacrifice would be
involved? Internationally, Germany has about half the per capita emissions of the U.S.;
Germany also has higher average wages than the U.S., longer vacations, better and
cheaper medical care, and a large trade surplus. How much sacrifice would be involved in
forcing the American people to accept German wages, vacations, and medical care? The
point is that a lot can be done by adopting the best practices within the developed world;
the U.S. as a whole lags far behind the leaders in reducing the carbon emissions needed to
produce a high-income lifestyle.
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Questions from Representatives Joe Barton and Fred Upton (cont.):

b. If we were to decrease carbon emissions without other developing nations such
as China and India doing the same, wouldn’t we be “unilaterally disarming” our
economy?

We are not facing a threat which carbon emissions can defend us against, so reducing
emissions does not represent disarmament. In terms of trade competition, Japan and
Germany both have much lower emissions per capita, and have large trade surpluses; in
particular, their exports of manufactured goods are much greater than their imports. The
U.S. has much higher emissions per capita, and has a trade deficit; we import
manufactured goods from many countries, including ones such as Japan and Germany
where emissions per capita are lower than ours. It is important for the U.S. to catch up
with high-income, relatively low-emission countries such as Japan and Germany, which
are succeeding in trade while we are lagging behind.

c¢. Wouldn’t decreasing our economic output put our national security at risk, and
also increase world-wide carbon emissions since China and India are less
efficient than the U.S.?

Emission reduction need not involve a decrease in economic output, as discussed in the
preceding answers. One of the greatest threats to global security is the disruption of the
environment of developing countries that could result from climate change, and the
resulting humanitarian crises, political turmoil, and ensuing waves of migration. Our
immigration and border problems could be drastically worsened if climate change drives
people out of large parts of Latin America and the Caribbean.

If a reduction in U.S. economic output was replaced by equivalent production in Japan or
Germany, worldwide carbon emissions would decrease; if U.S. production was replaced
by India or China, worldwide emissions would increase. The inefficiency, or greater
carbon intensity, of production in China and India emphasizes the need to transfer new,
low-carbon technologies to them (and other developing countries), as part of an effective,
long-term solution to the climate crisis.

3. Here'’s a sample of problems in the Stern analysis cited by the economists Richard Tol
and Gary Yohe:

Tol and Yohe are not the only economists who have commented on the Stern Review.
Their comments were extremely critical, far more so than many economists; their ultra-
critical evaluation did not appear well-supported by evidence, in my view. Other
opinions that should be noted include:
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Questions from Representatives Joe Barton and Fred Upton (cont.):

e Martin Weitzman (Harvard University) said that Stern was “right for the wrong
reason”; according to Weitzman, Stern’s discount rate was too low, but the risks
of catastrophic worst-case outcomes are much more serious than Stern
recognized;

¢ Kenneth Arrow (emeritus, Stanford University), one of the most famous and
important economists of the twentieth century, said that the benefits of emission
reduction are so great that Stern’s proposals would pass a cost-benefit test even at
a very high discount rate;

e Terry Barker (Cambridge University) is one of many economists who broadly
endorsed the Stern approach.

a. 30% of the assumed damages occurred after 2200. Can we reliably predict
damages two hundred years out? Could we have predicted where we are today in
18087

This question raises an important, subtle issue in long-term economic modeling. Any
model has to end at some point; but an ongoing physical phenomenon like climate change
will not come to an abrupt halt in 50, 100, or 200 years, when our calculations end. The
assumptions about damages after the end of the modeling period (200 years, in the Stern
Review) are important; the common approach of ignoring this question amounts to
implicitly assuming that there will be zero damages after the model ends, which is clearly
the wrong answer. Stern, instead, made a plausible assumption about ongoing damages —
not a precise, reliable prediction, but a much better guess than damages abruptly falling to
zero when a modeling exercise comes to an end. This question matters much more in an
analysis with a low discount rate; indeed, the fraction of damages (in present value terms)
that occur after 2200 is much greater at a low discount rate, such as Stern used. On the
arguments for a low discount rate, see the thorough summary in Chapter 2 of the Stern
Review,

b. The Stern report assumes there is no learning about the climate system as the
future unfolds. Is this a realistic assumption?

1 do not believe that this is an accurate description of the Stern Review’s analysis. All
models assume learning in the form of new, productivity-enhancing, emission-reducing
innovation; many models, definitely including the Stern Review’s PAGE2002 model,
assume significant adaptation to climate damages.

c. The Stern report overestimates the impact of climate change by cherrypicking;
do you have a perspective on that?

I assume that this question means Tol and Yohe believe that Stern has selectively
presented evidence that makes climate change look more ominous than it really is, while
omifting evidence that makes it look more benign. If that is the correct interpretation of
the question, I completely disagree. Useful references on this point include:
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Questions from Representatives Joe Barton and Fred Upton (cont.):

The Stern Review team’s detailed response to their early critics, including Tol and
Yohe: Dietz, S., C. Hope, N. Stern and D. Zenghelis (2007). “Reflections on the
Stern Review (1): a robust case for strong action to reduce the risks of climate
change.” World Economics 8(1). 121-168.

Martin Weitzman’s influential argument that most economic analyses, including
the Stern Review, have underestimated the magnitude and importance of
catastrophic worst-case climate risks: Weitzman, M. (2009). “On modeling and
interpreting the economics of catastrophic climate change.” Review of Economics
and Statistics 91(1): 1-19.

My own research group’s analysis, mentioned above, showing that Stern
underestimated (non-catastrophic) climate damages expected in the U.S. and
elsewhere: Ackerman, F., and E. Stanton, C. Hope, and S. Albert (2009). “Did the
Stern Review underestimate U.S. and global climate damages?” Forthcoming in

Energy Policy; see http://www.sei-us.org/WorkingPapers/WorkingPaperUS08-
02.pdf .

Conversely, for evidence that Tol and his coauthors have misrepresented the data
in a way that trivializes the climate threat, erroneously making an extravagant
claim that the early stages of global warming will save 800,000 lives per vear, see
Ackerman, F., and E. Stanton (2008). “A comment on ‘Economy-wide estimates
of the implications of climate change: Human health.” ” Ecological Economics
66: 8-13.
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Dear Dr. Michaels:

Thank you for appearing before the Subcommittee on Energy and Environment on
February 12, 2009, at the hearing entitled “The Climate Crisis: National Security, Public Health,
and Economic Threats”.

Pursuant to the Committee’s Rules, attached are written questions for the record directed
to you from certain Members of the Committee. In preparing your answers, please address your
response to the Member who submitted the questions and include the text of the question with
your response, using separate pages for responses to each Member.

Please provide your responses by April 7, 2009, to Earley Green, Chief Clerk, in Room
2125 of the Rayburn House Office Building and via e-mail to Earley.Green@mail. house. gov.
Please contact Earley Green or Jennifer Berenholz at (202) 225-2927 if you have any questions.
Sincerely,

¢ '7'(“{-\

Henry A. Waxman
Chairman
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The Honorable Jay Inslee

1.

Time Series Data Assumption

You assume in Figure 4 of your testimony that the temperature in the coming year
(2009) will be the same as 2008. Please further explain your justification for making
this assumption and whether it is standard scientific practice to assume the value of a
single data point in the future when analyzing time series data.

TPCC Climate Models

You suggest in your testimony that “rates of warming, on multiple time scales, have
now invalidated the midrange suite of IPCC climate models.” However, the IPCC
Fourth Assessment Report, for which you were a reviewer, concluded: “The ability of
coupled climate models to simulate the temperature evolution on each of six
continents provides stronger evidence of human influence on the global climate than
was available in the TAR.” It also contains a figure, TS.23/FAQ 8.1, which shows
very good agreement overall between the models and temperature observations over
the last 100 years. It further concludes: “There is considerable confidence that
climate models provide credible quantitative estimates of future climate change,
particularly at continental scales and above....Over several decades of development,
models have consistently provided a robust and unambiguous picture of significant
climate warming in response to increasing greenhouse gases.” Please explain your
testimony in the context of this document which represents the work of a large
community of scientists from around the globe. Also note if the analysis you
presented in your testimony has been published in a peer-reviewed scientific journal.

Sea Ice Models

Temperature is only one of the possible outputs by which one could evaluate the
results of a climate model. Please explain how you interpret model predictions for sea
ice in light of the work by Stroeve et al. 2007 (Geophysical Research Letters), which
found that arctic sea ice “is declining faster than projected by the majority of the
models.” Also discuss recent sea level measurements in light of work by Rahmstorf
et al. 2007 (Science) which found that “the data available for the period since 1990
raise concemns that the climate system, in particular sea level, may be responding
more quickly to climate change than our current generation of models indicates.”



237

The Honorable Peter Welch
1. Employment History

In reviewing the materials presented by you to the Committee, it appears that your
C.V. does not provide your full employment history. Your employment history may
be relevant to the Committee’s consideration of the testimony you provided. In order
for the Committee to better understand how your employment history might inform
the Committee’s consideration of your testimony, please provide answers to the
following questions:

a. New Hope Environmental Services, Inc. -- In the C.V. provided to the
Committee, you do not list any affiliation with New Hope Environmental
Services, Inc. NHES). However, in an affidavit filed on July 6, 2007 in Green
Mountain Chrysler Plymouth Dodge Jeep v. Crombie, you state you are the
sole owner of NHES, “a consultancy whose mission is to publicize findings on
climate change and scientific and social perspectives that may not otherwise
appear in the popular literature or media.” In addition, you state in your
affidavit that with the exception of modest speaking fees, New Hope is your
“sole source of income beyond a negotiated retirement package from the
University of Virginia.” The NHES website also states the organization is an
“advocacy” consulting firm that prepares materials “targeted to user needs.”

Please explain why you did not disclose your role in this advocacy firm to the
Committee. Please describe your involvement with NHES, including the date
that you first became involved with this firm, the nature of your involvement,
and any ways in which your role has changed over time. Please describe each
type of service provided by NHES. Please describe whether the firm conducts
and publishes scientific research for clients, and if so, what the nature of that
research is. If NHES conducts scientific research, please state whether NHES
has an ethics and/or conflict of interest policy, and if so, please attach a copy of
the policy and include the date on which the policy was adopted. Please
specify the number of staff employed by NHES, and list the other research
scientists that are involved with New Hope Environmental Services, Inc., along
with a brief statement of the credentials of each research scientist. Please
provide a description of the technological capacity of the NHES research
facility, located at 536 Pantops Center, #402, Charlottesville, VA 22911, and
any other NHES facility. Please state whether NHES continues to be your
“sole source of income beyond a negotiated retirement package from the
University of Virginia” and speaking fees. If this is not the case, please list
your other sources of income, and indicate whether they are larger than your
income from NHES.

b. The Heartland Institute — Although it is not mentioned in the C.V. provided
to the Committee, you were a contributing editor to the monthly publication
Environment & Climate News during the period between August 2000 and
April 2002 according to the masthead of the publication. Environment &
Climate News was published by the Heartland Institute, an organization that
advocates against climate change regulation according to its website. In
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addition, published reports state that the Heartland Institute received
substantial funding from ExxonMobil during the period of time you are listed
as an editor, The Heartland Institute also states in its 2008 annual report that
the primary audience for its publications “are the nation’s 8,300 state and
national elected officials and approximately 8,400 local government officials.”
My understanding is that Environment & Climate News was regularly
delivered to the offices of Members of Congress during the time you were
associated with it.

Please describe your involvement with the Heartland Institute. Please explain
why you did not disclose your role with an anti-regulatory organization who
considers elected officials to be its primary audience. During what years were
you involved with Environment & Climate News or other publications, projects
or other efforts of the Heartland Institute, and in what capacity? Did you
receive compensation for your work with the Heartland Institute?

2. Funding from Parties with a Financial Interest in Government Inaction on
Climate Change Issues.

The C.V. you provided to the Committee contains a section entitled “Financial
Support (Over $10,000).” This section appears to contain the identities of
organizations that have provided you with financial support exceeding $10,000 since
1980. This list appears to be incomplete, however, as it omits the names of your
funders that have a financial interest in government inaction on climate change issues.
This information is important in helping the Committee to understand the appropriate
weight it should assign to your testimony. In order to clarify this matter, please
answer the following questions:

a. IREA and Tri-State Generation & Transmission Asseciation, Inc. — In the
Green Mountain Chrysler Plymouth Dodge Jeep v. Crombie affidavit, you
acknowledge receiving $100,000 from the electric cooperative Intermountain
Rural Electric Association (IREA). According to their website, IREA opposes
government action to address climate change, and in a July 17, 2006 letter,
Stanley R. Lewandowski, general manager of IREA, wrote that:

We here at IREA believe that it is necessary to support the scientific
community that is willing to stand up against the alarmists ... We decided
to support Dr. Patrick Michaels and his group (New Hope Environmental
Services, Inc.) ... Dr. Michaels has been supported by electric
cooperatives in the past and also receives support from other financial
sources ... In February of this year, IREA alone contributed $100,000 to
Dr. Michaels. In addition, we have contacted all of the G & T’s in the
United States, and as of the writing of this letter, we have obtained
additional contributions and pledges for Dr. Michaels group.

In your affidavit, you also acknowledged receiving $50,000 from the Tri-State
Generation & Transmission Association, Inc. Please describe your financial

relationship with IREA and Tri-State Generation & Transmission Association,
Inc. Please list each organization or other energy-related business, cooperative
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or organization that provided more than $10,000 in funding to you directly or
to NHES, and the nature of the services you provided in return. Please explain
why you did not disclose this financial support to the Committee.

b. Western Fuels Association, Inc. - “State of the Climate™ - Although this is
not mentioned in the C.V. you presented to the Committee, it is my
understanding that you edited and published a series of brochures entitled,
“State of the Climate,” during the years of 1997 - 2000, a publication that
appears intended to dispute the scientific consensus surrounding anthropogenic
global warming. These reports were originally published and funded by the
Western Fuels Association, Inc. (WFA), a coal supply co-operative, according
to an April 22, 1997 letter from the then-CEOQ of WFA, Frederick D. Palmer.
In later years, the reports state that funding was provided by the Greening
Earth Society, an advocacy organization in turn founded and funded by the
Western Fuels Association and the National Mining Association according to
archived records of the Society’s website. Both the WFA and the Greening
Earth Society were advocating against greenhouse gas emissions regulation
during the time you were editing the reports, according to a December 5, 1997
interview with Palmer on PBS Newshour and the archived website of the
Greening Earth Society.

Please describe your involvement with the State of the Climate publications.
During what years were you involved with the project, and in what capacity?
Please identify who funded the publication in each of those years. Please also
describe whether you received any additional funding from the WFA, or the
Greening Earth Society and the nature of the services provided. If this funding
supported any work-product on climate-change issues, please list the title of
the work-product, and describe whether the work product was submitted to the
funders for review prior to publication.

C

Funding, Preduction and Distribution of the World Climate Report -
Although it is not mentioned in the C.V. you provided to the Committee, I also
understand that you are the editor of the World Climate Report, an online
publication of NHES. It is my understanding that the World Climate Report
was published as a periodical during the 1990s before it became an online
publication, and was delivered to the offices of Members of Congress. The
World Climate Report now describes itself on its website as a “response to the
global change reports which gain attention in the literature and popular press”
and “the perfect antidote against those who argue for proposed changes to the
Rio Climate Treaty, such as the Kyoto Protocol, which are aimed at limiting
carbon emissions from the United States.”

Please provide the dates of your involvement in the World Climate Report and
a description of your role, and the role of NHES, throughout that time. Please
also list all entities that have funded the World Climate Report.

d. Any Other Funder with a Financial Interest in the Continued Non-
Regulation of Greenhouse Gases — Please identify any other entity which you
or NHES have had a financial relationship in excess of $10,000 that is not
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identified in your C.V. For each entity, please describe your financial
relationship, including the date and amount of funding you received from that
entity, as well as the nature of your services for that entity. Please include any
information about whether your financial relationship funded published work-
product on climate-change issues. If it did, please list the title of the work-
product, and describe whether the work-product was submitted to funders for
review prior to publication.
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The Honorable Joe Barton and the Honorable Fred Upton

1.

One of the lead authors of the United Nation’s 2007 Intergovernmental Panel on
Climate Change report, Kevin Trenberth, stated at the journal Nature’s blog:

“In fact there are no predictions by IPCC at all. And there never have been.... None
of the models used by IPCC are initialized to the observed state and none of the
climate states in the models correspond even remotely to the current observed
climate.... The science is not done because we do not have reliable or regional
predictions of climate.”

What is he saying here, in lay language? And what does this say about regional
assessments and projections of climate change impacts?

At the hearing we heard from Dr. Shrag and Mr. Woolsey about tipping points to
unstoppable climate change. From your perspective, how should policymakers
approach talk of tipping points, which apparently cannot be quantified or predicted
with current understanding of the climate system?

We have reports today about the climate impacts in the United States from an
increased global average temperature, extending fifty years out. Is it possible to
predict regional climate impacts based on global average temperature?

a. What does the observed evidence suggest?

Are the models used in the IPCC and the U.S. CCSP useful for projecting future
temperature change and climate effects?

b. To the extent these are used to assess cost-benefits for global climate change,
do they create a useful picture for policymakers?

If we reduce emissions to a particular level, can we quantify the impact on climate
change — such as frequency of droughts, storms, heat waves — using existing models,
based on changing emissions levels?

Have recent droughts and other climate metrics been predicted by the climate
models?

Should we base our climate policy on global average temperature or is there another
approach to addressing the risks of climate change?

Is it possible to reduce global carbon dioxide concentrations without China and India?

‘What would be the global temperature reductions if the United States and Europe met
the Kyoto targets, but the developing world didn’t follow suit? What would the
global temperature reductions be if the United States reduced its emissions to Zero
without reductions from developing countries?
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Response to the Hon. Jay Inslee

Question 1, I assumed that the anomaly for 2009 would be in the same range as the
2008 anomaly because of the La Nina (cold phase of El Nino) conditions extant at
the time of my testimony and NOAA consensus forecasts that the ENSO index would
(will) remain slightly negative for calendar year 2009. This is also consistent with
Keenlyside et al. (Nature, 2008), who projected continued relatively low temperature
anomalies in both the North Atlantic and Tropical Pacific for several years after their
publication.

Question 2. The IPCC models fits are retrospective and largely driven by a
combination of radiative effects from sulfate aerosol and greenhouse gases. As is
obvious from the IPCC report, there is a very large uncertainty with the aerosol effect,
nearly two watts/meter squared. This makes fitting the observed record rather easy,
and has been commented on by several individuals. 1 find the candor of the second
[PCC report more accurate, which stated that GCM’s tended to predict too much
warming unless a sulfate cooling is assumed OR the sensitivity of temperature to
carbon dioxide has been overestimated. That sensitivity is very hard to deconvolve
from with a priori logic, as has been attempted, because the changes that we are
inducing today are quite different from those in the prehistoric climate. Rather, my
approach is to let the sensitivity speak for itself. After all, we have increased the
atmospheric concentration of carbon dioxide by about 38% over preindustrial, and
there is additional positive forcing from methane and chloroflurocarbons.

I think it is logical to assume, however, that the functional form of the models is
largely correct. As you know, the response of temperature to changes in carbon
dioxide is logarithmic, while the change in concentration is (in all but the politically
unrealistic B2 scenario)} exponential. It is not difficult to see why so many models
tend to produce linear or quasi-linear future warmings.

Indeed, this is what I took advantage of in my testimony. It is very obvious that the
warming since 1977 is best fit by a straight line. It is also obvious that the central
tendency of the AIB models is also a straight line, especially in the near term.
Consequently, the overlap between the two, and the fact that both rates are constant
indeed allows for a robust test based upon the distribution of model results, [ must
tell you that I was disappointed that [ was not given enough time to answer your
rather strong criticism of my analysis, but I also understand the nature of the process.
So I hope this clears that up!

My work compared the HadCru3 (East Anglia, Hadley Center, “IPCC”) temperature
history with the A1B scenarios. It was prepared specifically for my testimony, for
which, as 1 am sure you know, I had a total of four work days for preparation,
Fortunately, that record is the one most cited through the history of the IPCC and
makes for an apples-to-apples comparison. [ would like to look at other scenarios and
am doing this in my so-called spare time with an eye towards publication as soon as it
is done. My working hypothesis is that the only scenario—oddly enough—that will
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accommodate the JPCC temperature history within the timeframes analyzed will be
B2. In other words, even though we have AIB concentration changes going on, we
are geiting a B2 response—further evidence that the sensitivity has been
overestimated.

The IPCC temperature record is also the most transparent one—at least as can be
gleaned from the background literature. It has been subject to continual upwards
revision detailed in my recent book “Climate of Extremes”, but it does not seem as
unstable as Hansen’s GISS record, which really has a lot of unexplained and quirky
changes.

Question 3. While you state that “Temperature is only one of the possible outputs by
which one could evaluate the results of a climate model”, it is the driving metric.
Everything else follows. So I believe it is best to look at that. With regard to the
studies you mention, there is an interesting disconnection. Sea-ice records arc only
comprehensive back to 1979 with the advent of satcllite coverage, and it is clear that
there is a statistically significant negative trend in the northern hemisphere and a
statistically significant positive one in the southern. The combined effect is that we
arc currently right around the 1979-2000 average, given by the University of Illinois’
Cryosphere Today. Given that the record begins right at the end of the coldest period
in the arctic record since the early 1920s, the overall stability of the global oceanic
cryosphere should be encouraging, not discouraging. We have warmed some
.48degC (trended value, IPCC record) and in the global cryosphere have precious
little to show for it. This is one major reason why I think it is important to proceed
cautiously on this issue, despite some very foud voices arguing otherwise.
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Response to the Hon. Peter Welch

Thank you for your follow-up questions from the hearing entitled The Climate Crisis:
National Security, Public Helath, and Economic Threats.

My testimony at the hearing focused on a comparison of the distribution of modeled
warming trends from the [PCC’s midrange suite of general circulation models versus
observed trends of from five to 20 years in length in the HadCru3 (Hadley Center,
East Anglia “Climate Research Unit”, or “IPCC”) temperature history. I concluded,
based upon that analysis, that the observed trends are largely lying on or beyond the
95% confidence level of this suite of models, which would normally be grounds for
rejection of those models. [ advised that climate scientists should work to revise
those models for better fit, as calculations of the costs and benefits of various climate
policies require acceptable models.

I am sending as a separate file my revised C.V., which reflects 2008 and 2009
publications. This is a standard academic C.V., which I submitted along with my
testimony and federal grant disclosure form in accordance with Committee rules. A
standard academic C.V. includes all peer-reviewed publications, symposium
presentations, books and book chapters, but does not included nonacademic
publications like op-ed articles or web postings, which are open-source materials.

As I indicated in my testimony at the hearing, my testimony represented no official
position of the Cato Institute or the University of Virginia and was tendered as an
individual statement under the tradition of academic freedom. Accordingly, I
received no specific compensation from any source for the testimony I provided.
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Response to the Hon. Joe Barton and the Hon. Fred Upton

Trenberth’s first statement that “there are no predictions by IPCC at all” is true.
Instead, proponents of IPCC’s climate model output confuse “predictions” with
“scenarios”. The two are quite different. It is painfully obvious to anyone with a
cursory knowledge of history that projections of future energy type or use in the 100-
year time frame are simply unreliable. To call them “educated” guesses gives far too
much credit. As an example, consider how different this world is from 100 years ago.
In 1909, who would have honestly anticipated—and had the science to back it up—
thernmonuclear explosions, transport of a billion people by aircraft, or a small box in
your pocket that can access virtually all the information there is in the world?

Consequently, projections for our societal energy structure some 100 years from
today, which are the basis for the IPCC’s forecasts of temperature change, are, not to
put too fine a word on it, sifly. Basing our Nations’ energy course upon such
conjecture, attempting to manipulate it with financial incentives, or subsidizing
politically favored technologies of any type with significant resources seems
foolhardy.

With regard to climate, given that all change from climate models is driven by change
in the energy input, it would seem that any projection for 100 years out must be
viewed with suspicion.

Question #2: 1 continue to be mystified by the “tipping point” notion. As an
example, note the dozens of climate model/scenario combinations illustrated on page
763 of the 2007 Working Group I report of the United Nations’ Intergovernmental
Panel on Climate Change (IPCC). It is very clear from looking at these (I included
one scenario/multiple model combination in my testimony) that there are no forecast
“tipping points”, which would appear as a large discontinuity or discontinuities over
time. Consequently, if Dr. Schrag and Mr. Woolsey want to speak of “tipping
points™, that is fine, but it is not within the model consensus of the [IPCC. So, in
order to do so with confidence, they must somehow invalidated the entire suite of
1PCC models.

This issue has also arisen with regard to the so-called “synthesis report” of the U.S.
Climate Change Science Program (CCSP), which has gone through two reviews. [
noted the use of the words “tipping point” in bullet-point type material at the
beginning of the report (i.e. the only part that is likely to be read by a busy non-
expert), but then searched the entire body of the report for “tipping point” in an
attempt to find the basis for such an assertion. In fact, in both drafts, the words
“tipping point” never appear in the subsequent text.

Unless something has more backing than a mere philosophical hand-waving or
editorial assertion, I think it is wise for policymakers to stay away!
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Question 3. It is a highly dubious exercise to predict regional climate changes in the
United States based upon global averages. However, it is more appropriate to
examine what has haEpened in the United States as global temperatures warmed for
two periods in the 20” century.

In general, precipitation increased over the 20™ century, by about 10%, or roughly
three inches over the century. Even using somewhat debatable national temperature
histories, the amount of concurrent warming was far to little to largely evaporate this
increased precipitation. This means that the surface of the United States is, by and
large, wetter than it was 100 years ago. This, in turn, and assuming no other great
changes, that the nation is greener than it was and produces more food than it would
had there been no change.

Question 4. I believe that the models used by the TPCC and the CCSP are useful
inasmuch as they tend to predict constant {rather than exponentially increasing) rates
of warming. However, the frequency distribution of the IPCC midrange models, as
noted in my testimony, indicates that they are at or beneath the normal confidence
limits that science uses as a test of a model or a hypothesis. This almost certainly
means that the average warming rate predicted by the midrange emissions models is
an overestimation, which in turn dcfuses much of the alarm that is currently
associated with this issue.

The lack of confidence that we must place in these models, given the near-
equivalence between their 95% confidence range and the IPCC’s Hadley Center
temperature record, means that they are nott confident estimators of costs and benefits
of climate change versus climate policy. [ wish this were not true, but it is.

Question 5. The answer for this follows from Questions 3 and 4, above. The short
answer is that these models are not working well enough to provide confident
answers about local and regional changes in individual weather elements.

Question 6. If an increase in recent droughts were predicted by climate models
projecting recent warming, then the models would be in error, at least for regions of
the earth where we have good historical precipitation data (which basically means
Europe and North America). In both Europe and North America there is no
increasing tendency towards persistent drought. Clearly, the most severe and
extended drought period in the instrumental record in North America was in the
1930s. Few if any people would seriously related that drought to increases in
atmospheric carbon dioxide, for if that were true, the frequency of severe drought
would have to be dramatically increasing in recent decades. It is obvious from the
history of the Palmer Drought Severity Index over the United States {data available
from the U.S. National Climatic Data Center) that there is simply no trend in this
important variable back to when systematic records began some 113 years ago.

Question 7. Our climate policy should be based upon rates of change, particularly in
vulnerable environments. However, we really don’t have accurate models to measure
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this at this point in time. Absent any evidence for dramatic change (i.e. the “tipping
point” notion discussed above) it seems prudent to wait for better information rather
than to bill a large (and unspecified) amount of expenditures to taxpayers with little or
no estimate of what benefits, if any, will accrue.

Indeed, if climate change turns out to be much more severe than is currently indicated
(given observed rates of warming that tend to be below modeled values), it would
seem prudent to have saved money that can be used for investment and adaptation,
rather than having spent that money in a futile attempt to stop or something that
couldn’t be significantly changed.

Whatever the climatic future holds, it should be clear that a vibrant economy contains
more capital for investment by individuals in the energy technologies of their choice,
and that these investments will be made in larger amounts if such capital is not taken
away before it is needed.

Question 8. It is simply impossible to reduce global carbon dioxide concentrations
with or without China and India. If one wants to significantly change the rate of
increase (an increase in concentration that will still occur for at least another 50
years), one must include China and India in any schedule of binding targets and
timetables for emissions reductions. Further, the limits on their emissions must be as
severe as those that are being proposed for the United States—otherwise their
emissions (as well as their job growth) will swamp that of the now-industrialized
world.

Question 9. If all of the world’s nations with Kyoto “obligations” met them, the
reduction in planetary warming would be 0.07°C per fifty years. This assumes that
the sensitivity of temperature to a doubling of atmospheric carbon dioxide is 2.5°C.
This is based upon a calculation published by Tom Wigley of the U.S. National
Center for Atmospheric Research in the journal Geophysical Research Letters in
1998.

For the second part of this question, I assume you are asking what the effect on global
warming is if the United States reduces its emissions to zero while everyone else
continues “business as usual”. Using the Wigley calculation as a basis, this would
result in approximately 0.11°C less warming in 2050, and 0.15°C less in 2100.

Looked at another way, how quickly would a complete and immediate shutdown of
all U.S. emissions be “made up” by the rest of the world? The answer is in about 6-8
years.
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